2. Joecial Focus
|nteragency Research Programs

In 1990 the Interagency Committee agreed on
the following policy:

The IARPC agrees that a more comprehensive
approach to funding of research and baseline pro-
gramsisrequired to ensure along-term, viable
research and development presence in the Arctic.
This presence will ensure support of the national
needs, which include renewable and nonrenewable
resource development, environmental protection,
and partnerships with the private sector and residents
of the Arctic. It will complement other national and
international scientific programs, such as Global
Change. To this end the IARPC agencies agree to
develop, starting in 1992, an integrated interagency
program sufficient for meeting national needs.

Subsequently the IARPC agencies examined Arc-
tic research from an interagency perspective. For
this biennial revision of the plan, agencies agreed
that the following three programs are ready for
immediate attention as multiagency focused
efforts:

* Study of Environmental Arctic Change
(SEARCH)

* Bering Sea Research

* Arctic Health Research.

These coordinated, multiagency programs are
being designed to:

* Focus research activities in concert with
national policy;

* Build on individual agency effortsin recon-
nai ssance, monitoring, process studies, and
modeling;

* Facilitate research and logistics coordination
through regionally focused programs;

» Take maximum advantage of remote sensing

and new technologies;

* Strengthen interagency data and information
management;

* Draw on the strengths of the academic, indus-
trial, and government research communities
in planning and implementing programs;

* Support and enhance programs to acquire
long-term measurements of key parameters
and environments; and

» Enhance international research collaboration.

The U.S. has a substantial economic, strategic,

and environmental stakein the Arctic. Domestic
energy reserves and the explosive growth in Ber-
ing Seafisheries harvests are two examples of our
dependence on Arctic resources. Sound manage-
ment decisions for sustainable development of
Arctic resources hinge on enhanced understanding
of the environment, leading to better forecasts. In
addition, thereis astrong international commit-
ment to collaborate.

Benefits to the Nation from Arctic research

includeimprovementsin:

» Knowledge of fishery resources and control-
ling dynamics;

» Models and data for assessing past climates
and global change and their effects;

* International cooperation in a strategic
region;

* Forecasts of weather, ice, and ocean condi-
tions;

* Protection of the Arctic environment;

* Understanding of the causes, effects, and lim-
its of air and water pollution; and

* Protection and understanding of cultures and
cultural resources.

2.1 The Sudy of Environmental Arctic Change (SEARCH)

The Arctic Ocean and the surrounding lands
and seas are seemingly remote areas for most of
us, yet ongoing changesin this area may have
profound impacts not only on the people and
economies of the region, but also on residents

throughout the Northern Hemisphere and beyond.
Native subsistence hunters and others with akeen
sense of observation have noted substantive
changesin the physical environment and in the
behavior of wildlife.
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“Last spring we only got six walrus because of the
weather and ice moving out too quick. | talked to
elders about the weather. A long time ago it used to
be real nice for weeks and even sometimes for
months. Now we only have a day or two of good
weather. And a lot of timesit isreal windy now. They
don't know what is causing that either. And the hunt-
ersthat | talked with about the ice conditions say it
is getting a lot thinner. It is going out too quick.
Maybe it is because of the weather. Maybe it is
because of that global warming.”

Herman Toolie, Savoonga, S Lawrence Island, 2000

“ My people hunted beaver in Hay Sough for over
100 years, and in one house we had 32 beaver.
Because a lot of our lakes don't freeze as deep. We
are having more warmer winters than usual on a
consecutive basis. What's happening is that because
the winters are warmer, the lakes don't freeze all the
way down and more of the young beavers survive.
We now have more beaver than ever in this slough
because of warm winters that give the beaver the
most favorable conditions to survive. The beaver
then proceed to dam and tier off the sloughs so resi-
dent species of fish, which again provides the Indi-
answith a very viable source of food, cannot reach
their spawning ground to provide the next genera-
tion of food for the Indians of the Interior.”

Paul Erhart, Fairbanks, 2000

Scientists are documenting concurrent large-
scale changesin the Arctic,* of which theselocal
fluctuations are areflection. There is strong obser-
vational evidence consistent with thinning of the
Arctic ice pack and a decrease over time of the
maximum extent of the seaiice cover. The state of
the Arctic atmosphere has changed over the past
few decades, changing temperature and wind pat-
terns and causing ice to circulate differently in the
Arctic Ocean. Warm Atlantic water has intruded
unusually far into the eastern Arctic Ocean. Sur-
face air temperatures throughout much of the Arc-
tic areincreasing, especially in winter and spring,
leading to thawing of permafrost and earlier ice
melting. Stratospheric ozone over the Arcticis
diminishing in the spring, leading to elevated UV
levels reaching the surface.

These physical changes are leading to changes
in the biosphere. Canadian studies demonstrated
that polar bears are malnourished because of a

* The areal extent of the“Arctic” for the Study of Envi-
ronmental Arctic Change includes not only all areas
north of the Arctic Circle, but also the entire Bering
Sea, the Labrador Sea, the far North Atlantic, the entire
permafrost zone on land, and watersheds that drain into
the Arctic Ocean.

shortened hunting season caused by earlier retreat
of shorefast ice. Walrus are finding fewer sturdy
icefloesto serve as haulout areas. Thetreelineis
advancing, consistent with the milder winters.
Beavers are flourishing in the milder climate,
causing increased damming of rivers that reduces
the return of salmon to spawning grounds.

In the Arctic itself, these physical and biologi-
cal changes have social and cultural consequences
for the Native communities and lifestyle and eco-
nomic consequences for all Arctic residents.
Because these changesin the Arctic environment
make it difficult to predict what tomorrow may
bring, the entire complex of changes has been
given the name “ Onami,” which isderived from
the Yup'ik word for “tomorrow.”

The dramatic environmental changes seenin
the Arctic over the past few decades will almost
certainly create daunting environmental and
socioeconomic challenges (or, perhaps, new eco-
nomic or social opportunities?) inthe Arctic
region itself, but can these changes affect amuch
larger portion of the earth? For the most part, the
observed changes relate to the physical environ-
ment and are thought to be linked to climate vari-
ability or change. Whether the processes at work
are entirely natural or are being caused or
strengthened by human activities, impactsto a
much larger area can occur in at least two major
ways: viathe atmosphere and via the oceans.

Evidence is mounting that the state of the Arc-
tic atmosphere, as characterized by the Arctic
Oscillation index, T strongly influences seasonal
weather patterns over the U.S. The Arctic Oscilla-
tion was only recently described, and our under-
standing of itsinfluence on weather and climateis
at an early stage. In apreliminary finding the
National Westher Service has stated that for the
eastern third of the U.S., “the AO isthe single
most important factor in wintertime seasonal tem-
perature variability.” They also stated that at this
timeit isthe most difficult factor to forecast sea-
sonally with skill.

While connections through the atmosphere can
influence weather and climate outside the Arctic
on seasonal and interannual scales, connections
through the oceans operate over time scales of up

T The Arctic Oscillation index is defined as the first
empirical orthogonal function of the Northern Hemi-
sphere winter sealevel pressure field. The AO can be
thought of as the difference between the weighted
average of sealevel pressure over the entire midlatitude
belt centered near 45°N and the weighted average of sea
level over the entire Arctic basin. The AO hasbeenina
strong positive state for the past decade.



to several decades. The global thermohaline circu-
lation (THC), in concert with the Gulf Stream,
carries asignificant amount of heat north and east
across the North Atlantic to northern Europe and
Scandinavia. Processes in the North Atlantic and
Arctic strongly influence the rate at which the
THC transports water. It is theoretically possible
that increasesin the flux of fresh water from the
Arctic can decrease the rate of the THC and cause
asignificant cooling effect in Northern Europe
and Scandinavia and perhaps even trigger an
increase in glaciation over much of the Northern
Hemisphere. Thereis evidence that such changes
have occurred in the past, perhaps even over short
time scales of about 10 years. The National Acad-
emy of Sciences has begun a study of “abrupt
climate change” that will consider the scientific
evidence regarding the causes and probabilities of
such events.

The U.S. agencies that conduct or sponsor sci-
entific activitiesin the Arctic have agreed that
greater attention must be given to Arctic environ-
mental processes and their potential impacts on
the biosphere, including human social and eco-
nomic well being. Many of these agencies have
joined together to support the Study of Environ-
mental Arctic Change (SEARCH). The SEARCH
program will consist of research, monitoring, and
analysis activitiesto track and quantify environ-
mental changesin the Arctic, distinguish causative
factors, assess environmental and socioeconomic
impacts, provide an analysis of the changes that
may be expected in the future, and provide out-
reach to policy makers and the public.

2.1.1 Evidence for Climate
Variability and Change in the Arctic

The earth’s climate is not constant. There are cli-
mate cyclesthat vary over seasonal to centennial
scales, and sudden climate changes can be induced
by rare events (such as meteor impacts or volcan-
ism). Now thereisanew worry—that human activi-
tiesmay cause climate change. The primary cause of
thisworry isthe undeniable build-up of carbon diox-
ide in the atmosphere as aresult of acentury of
accelerating combustion of fossil fuels. Most worti-
someistherecognition that the use of fossil fuels
will continue to increase for decadesto come, result-
ing in concentrations of carbon dioxide in the atmo-
sphere that may exceed the pre-industria level by
four times or more. Already, thereis solid evidence
of significant increase of surface temperaturesona
globa basis and of increased storage of heat inthe
globa oceans.

In the Arctic the increase in surface tempera-
ture has been quite dramatic over the past 30
years, leading to changes in anumber of environ-
mental parameters sensitive to temperature. The
temperature changes seen in the Arctic are consis-
tent with the output of global climate models
forced with increasing concentrations of atmo-
spheric carbon dioxide. Many studies have been
reported over the past decade that argue that the
Arctic may be a sensitive indicator of global
change. Models show that under arepresentative
global warming scenario, temperature increases
will be amplified in the Arctic, and the upper Arc-
tic Ocean salinity will decrease because of
enhanced precipitation at high | atitudes. Archaeo-
logical studies have shown that human cultures
have been drastically affected by such terrestrial
and ocean-based changes. For example, studies
have demonstrated a dramatic expansion of
Vikings across the North Atlantic and their settle-
ment of Iceland and Greenland during awarm
climatic period, followed by their subsequent
extinction from Greenland during the early part of
the Little Ice Age. Similar human impacts have
been documented in the archaeological records for
virtually every area of the circumpolar region and
are especialy well known in Labrador and the
eastern North American Arctic.

Recent Changes

Even though science cannot at present provide
irrefutable arguments regarding the cause(s) of the
recent observed global and Arctic warming, stud-
ies have proven that these changes are unprece-
dented over at least the last 400 years, although
the Arctic has experienced more significant
changes during the past 8000 years. The rapid
changes that have occurred in the last decades
provide the motivation for SEARCH, and itis
useful to review afew of these key findings.

In the ocean the warming influence of Atlantic
water appears to have started in the late 1980s and
has persisted through the 1990s. Data collected
during several cruisesin 1993-1995 indicate that
the boundary between the eastern and western
hal ocline types has shifted from over the Lomono-
sov Ridge to roughly parallel to the Alphaand
Mendeleyev Ridges. In terms of longitudinal
coverage, this means that the area occupied by the
eastern, Atlantic water typesis nearly 20% greater
than previously observed. Thisdistribution has
persisted well into 1999, although the Atlantic
water temperature appears to have ceased to
increase in 1998.
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The observed shift in ocean frontal positionsis
associated with changesin ice drift and atmo-
spheric pressure patterns. Theice drift and pres-
surefields for the 1990s are shifted counterclock-
wise 40°—60° from the 1979-1992 pattern, just as
the upper ocean circulation pattern derived from
the hydrographic datais shifted relative to clima-
tology. This changeis consistent with the findings
that the annual mean sealevel atmospheric pres-
sure over the central Arctic basin isdecreasing
and has been below the 1970-1995 mean in every
year since 1988. This change in atmospheric pres-
sureis part of the recent large change in atmo-
spheric circulation of the Northern Hemisphere as
captured by the AO index.

There have been changesin terrestrial variables
aswell. Increased air temperature has been attended
by reductionsin spring snow cover since the mid-
1980s. Arctic glaciers have exhibited negative mass
balances, paralldling aglobal tendency. Other studies
point to increased plant growth, northward advances
of thetreeline, increased fire frequency, and thawing
and warming of permafrost.

Long-Term Trends

Thereisevidence for multi-decadal and longer
trendsin severa key Arctic variables. There has
been pronounced warming over northern Eurasian
and North American land areas since the early
1970s, particularly during winter and spring, partly
compensated for by cooling over northeastern North
America. Temperatures have also increased over the
Arctic Ocean in spring and summer. These changes
arein general agreement with those depictedin
model anthropogenic change experiments. Recon-
structions based on proxy sourcesindicate that late-
20th-century Arctic temperaturesarethe highest in
at least the past 400 years. Statistical analysis of this
time series againgt records of known forcing mecha-
nisms suggests that the recent warming hasan
anthropogenic component. Available observations
point to long-term and recently augmented reduc-
tionsin seaice cover.

These physical changes coincide with ashiftin
the Arctic budget for biogenic carbon. Recent data
suggest that past carbon accumulation in Arctic
tundra has changed to a pattern of net loss, with
growing season releases of up to 150 g m=2yr1,
The Arctic has been an overall significant sink for
carbon over historic and recent geologic time
scales, resulting in large stores of soil carbon of
perhaps 300 gigatons. Present conditions appear
to represent significant deviations from historic
and Holocene carbon fluxes and indicate the

potential for a positive feedback on global change
through losses of CO, to the atmosphere of up to
0.7 Gt C yr1 (about 12% of the total emission
from fossil fuel use). These soil emissions aug-
ment the anthropogenic impact.

Links between the Arctic and the Global System

The Arctic isone of two primary sinksfor solar
energy, which entersthe earth climate system most
strongly in the equatorial regions; the other sink is
the Antarctic. The observed changesimpact the effi-
ciency with which the Arctic can act asaheat sink.
Firgt, the Arctic Ocean’s Stratification and ice cover
provide acontrol on the surface heat and mass bud-
gets of the north polar region and thereby on the glo-
bal heat sink. If the distribution of Arctic seaice
wereto continue its present decrease, the altered sur-
face fluxeswould affect both the atmosphere and the
ocean and would likely have significant conse-
quences for regional and globd climate.

Second, the export of low-salinity waters,
whether liquid or in the form of desalinated sea
ice, hasthe potential to influence the overturning
cell of the global ocean through control of con-
vection in the subpolar gyres. For example, recent
suggestions that North Atlantic and Eurasian
climate variability may be predictable on decadal
time scalesrest in part on the variability of such
upstream forcing in the Greenland Sea.

Third, seaice, nutrient availability, and water
density condition Arctic marinelife. Changesin
these factors may impact marine ecosystems and
biogeochemical cycling of essential nutrients and
dissolved organic matter. Changesin the terres-
trial hydrologic cycle may alter soil moisture,
impacting plant communities and their grazers.

If Arctic soils have shifted from a sink to a source
of carbon dioxide and methane as indicated
earlier, thiswould be a strong connection between
Arctic processes and global climate.

Finally, the atmospheric circulation of the
Northern Hemisphere has been changing as part
of apole-centered pattern, termed the Arctic
Oscillation (AO). Recent modeling studies sug-
gest that the AO is afundamental mode of atmo-
spheric change that has impact well beyond the
Arctic. Other studies suggest that the positive
trend seen in recent decades may be symptomatic
of anthropogenic climate change.

2.1.2 The Human Dimension

There is astrong human dimension to the envi-
ronmental changes of recent years. These have
direct effects on the residents of the Arctic



because many of them live so close to the environ-
ment. Moreover, the changes seem to be having
farther-reaching effects that touch society in sub-
Arctic and even temperate regions through fisher-
ies and transportation. For example, Canadian
grain is being shipped through Churchill, on Hud-
son Bay, for the first time because of decreased
ice cover in the Canadian Arctic.

Local and Regional Effects

The environmental changes discussed above
affect the residents of the Arctic that subsist whol-
ly or in part on Arctic flora or fauna. Indeed, the
hunters and fishers of the north have made many
of the observations of environmental change.
They have recounted recent declinesin abundance
of avariety of fish species aswell as marine mam-
mals and seabirds. They have reported changesin
the terrestrial environment, such as drying of lakes
and wetlands, drying of summer vegetation, and
thawing of discontinuous permafrost. Indigenous
people are uniquely prepared to note the increased
variability and decreased predictability of the
physical environment. Examples of their reports
of seaice conditions, storm patterns, sealevel,
weather changes, snow, rain, and water tempera-
tures and their effects on plant and animal food
sources show remarkable connectionsto the
changes cited in the scientific literature.

Changesin the physical and biotic environment
have impacts beyond the local village and com-
munity scales. Changesin the duration and extent
of pack ice cover influence the abundance of polar
bears and seals; changesin seawater temperature
in Baffin Bay have a profound impact on the West
Greenland and Baffin cod and halibut fisheries;
and changes in temperature and snow cover influ-
ence the population sizes of caribou, muskox, and
small fur-bearers that northern residents depend
on for food, clothing, and income. The presence
or absence of polynias and open ice leadsinflu-
ences the avail ability of sea mammalsto hunters,
and the amount of stormy weather can determine
whether hunters can reach their prey even when
gameis present. Modern Arctic residents confirm
these and many other climatic and environmental
changes that influence the distribution of Arctic
resources important to humansin the north.

Large-Scale Effects

There is growing concern that the Arcticisa
final destination for airborne contamination from
the rest of the Northern Hemisphere. Thisisa
major concern of the indigenous population. Fur-

ther, the recent changesin the Arctic environment
seem to have a connection with changesin the
fisheries of the North Atlantic, the Bering Sea, the
Barents Sea, and the Yukon River. These have
resulted in regional economic change and aredis-
tribution of incomein many areas.

Itisamistake to think of the Arctic Ocean as
being pristine. The recent report of the Arctic Moni-
toring and Assessment Program makes this abun-
dantly clear. One reason is the atmospheric transport
of semivolatile organic pollutants (DDT, PCBs, €tc.)
and mercury that enter the atmospherein lower lati-
tude regions and condense in the Arctic. Through
this mechanism, wefind concentrations of pollutants
such as PCBsin Arctic fauna. In addition, thereis
loca atmospheric pollution. The largest Arctic rivers
drain some heavily industrialized zones, including
portions of the former Soviet Union that were used
heavily for the production and processing of radio-
nuclides. Finally, there has been direct dumping of
pollutantsinto the Arctic Ocean and toxic chemicals
left behind after closure of former defense sites. Itis
difficult to predict what the future holds for the
transport of pollutantsinto the Arctic, except to say
that it islikely to change and that for some pollutants
such as organochlorines and mercury thereislegiti-
mate concern. Thereisaso concern that, just asthe
rising AO enhanced the northward heat flux, it may
also be responsiblefor an increase in the northward
flux of contaminants. These concerns have givenrise
to alack of confidencein the safety of Native foods.

Over the past decade, large-scale ecological
changes have impacted fishery-dependent societ-
ies around the world. Fishing pressure has been
one driver for these changes, but often the changes
have coincided with climatic variations as well.
Economically critical groundfish populations, for
example, exhibited steep declines or collapses off
Norway, the Faeroe Islands, |celand, West Green-
land, Newfoundland, and New England during the
late 1980s or early 1990s. The collapse of New-
foundland’s northern cod fishery in 1991-92
occurred in conjunction with unusual ice condi-
tions and a broadening of the cold intermediate
layer of the Labrador Current during a Northwest
Atlantic cooling phase of the NAO. Norway’s cod
fishery was partially recovering from its own cri-
ses (1989) during the same years, assisted by a
Northeast Atlantic warming phase. West Green-
land’s cod fishery first developed as the warm
Irminger Current extended northwards around
1920 but later declined and eventually collapsed
(1992) as fishing increased and waters cool ed.

Climate and ocean circulation variations direct-
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ly affect commercial fish populations (particularly
their reproduction, larvae, and food webs) through
variables such aswater temperature, salinity
anomalies, vertical mixing, and currents. More-
over, fishing itself can increase the vulnerability
of target populations to climatic change by alter-
ing age structure (for example, removing most of
the robust and high-fertility older individuals) and
densities among predatory fish popul ations and
reducing the populations of food fish. Human
adaptive efforts, in response to these ecol ogical
changes, include technological intensification,
shiftsto alternative species, economic diversifica-
tion, government subsidies, and out-migration.
Fishery-dependent communitiesthroughout the
northern Atlantic have experienced population
losses during the past decade.

In the North Pacific a physical regime shift
took place in the mid-1970s with an intensifica-
tion of the Aleutian low-pressure system. Among
the many changes associated with that shift were
increased Alaskan salmon catches and a change
from shrimp to groundfish dominancein the Gulf
of Alaska. Similarities have been observed among
the effects on fisheries of ecological changesin
the Bering Sea, along the Newfoundland coast,
and in the Barents Sea. The groundfish stocks
associated with these areas have historically con-
tributed to relatively stable fisheries over fairly
long periods of time until recently. The cod and
pollock fisheries seem to be drawing down mature
age classes at rates that exceed recruitment in
most years. Periodically, however, agood year
provides exceptional juvenile survival, which
builds the fishable stocks back up several years
later as the young fish mature. We are uncertain of
the ecosystem changes that are causing this. Both
the Barents Sea fishery and the Canadian Atlantic
fisheries saw arapid increase in the industrial
fishery in the 1950s and 1960s, combined with
boundary disputesthat frustrated fishery manag-
ers. It seemsthat when the natura fluctuationsin
productivity of the marine ecosystem are large,
“normal fishing pressure” can be enough to
deplete stocks beyond recovery injust afew years
if oceanographic changes cause the good years to
become less frequent. These fisheries, which are
among the world's largest, may be extremely vul-
nerable to climate change.

An example of the potential interaction of cli-
mate and fisheries management is the recent col-
lapse of some western Alaska salmon stocks and
the curtailment of groundfish operationsin the
Bering Sea because of declinesin the western

populations of the Steller sealion and northern fur
seal. These are significant current management
issues. The basic science problem with resource
management isthat fisheries agencieswith
responsibility over stocks important for human
harvest are driven toward solving narrowly
focused, short-term problems. For productive fish-
eries management, we need to understand how the
whole system works, from climate influencesto
ocean circulation to ecosystem productivity to
specific species that are important to humans.
These recent changesin seaice conditions and
weather have impacted local transportation. The
changes may be most far reaching for their effect on
the Northern Sea Route (NSR) along the Russian
Arctic coast. The NSR has been aprimary concern
of Russian polar scientistsfor many years. Much of
their research was done with the aim of improving
predictions of shipping conditions aong their Arctic
Ocean coast. Now several nations, notably Japan and
Russia(there are Alaskan interests aswell), are
examining the new potential of the NSR for trade.
If the Arctic change affects navigability, thismay
change shipping patterns between Asiaand northern
Europe, dtering the world economic significance of
the Arctic Ocean. Impactsarelikely, aswell, onthe
use of the Northwest Passage through the Canadian
Archipelago and on shipping into the Alaskan and
Canadian North Slope. As noted above, light ice
conditionsin Hudson Bay now allow the use of
Churchill asashipping port.

2.1.3 Stience Hypotheses

A complex suite of related atmospheric,
oceanic, and terrestrial changes have dominated
the Arcticin the last several decades. Because
they have made it harder for those who live in the
north to predict what the future may bring, this
complex of recent changes has been termed
“Onami,” derived from the Yup'ik for “tomor-
row.” Onami is characterized among other things
by:

* A declinein central Arctic sealevel atmo-
spheric pressure;

* Increased surface air temperaturesin North-
ern Europe, the Russian Arctic, and western
North America, with cooling over eastern
North America and Greenland,;

* Alterationsin terrestrial precipitation and
changesin vegetation;

» Cyclonic ocean circulation and rising coastal
sealevel;

* Increased temperature of Atlantic watersin
the Arctic;



* Decreased seaice cover; and

» Decreased Beaufort Sea surface salinity.

Learning the full scope of Onami will be an
ongoing goal of SEARCH. However, aworking
definition based on present knowledge is useful.
For this we define Onami as the recent and ongo-
ing, decadal (3-50 year), pan-Arctic complex of
intertwined changesin the Arctic system. These
changes encompass the physical processes listed
above, aswell asresultant changesin ecosystems
and living resources and consequent impacts to
the human popul ation. Four key working hypothe-
ses have been devel oped to help guide SEARCH.

Thefirst hypothesisisthat Onami isrelated to
the Arctic Oscillation. Associations between the
AO and changesin many environmental para-
meters, such as air temperature and ocean circula
tion, have been documented. A key goal of
SEARCH isto test this hypothesis by quantita-
tively assessing the interactions among the
atmosphere, ocean, and land. It will tell us much
about how Onami istied to the global atmospheric
system.

A second hypothesisisthat Onami may be a
component of anthropogenic climate change. The
AOQ isafundamental mode of atmospheric vari-
ability, and the increasing dominance of its posi-
tive mode may be tied to the anthropogenic com-
ponent of climate change. Thus, Onami may be
tied to climate change through the AO aswell as
through other large-scal e patterns of atmospheric
variability. Testing this hypothesis bears directly
on the goal of understanding how Onami fitsinto
the larger picture of global climate change.

A third hypothesisis that feedbacks among the
ocean, land, ice, and atmosphere are critical to
Onami. These feedbacks could determine whether
the Onami, and therefore the Arctic, play critical
rolesin global climate change. For example, a
decrease in seaice and snow cover forced by
higher temperatures could lead to further warming
because of the reduction in albedo (the well-
known ice-albedo feedback). This could in turn
alter patterns of atmospheric circulation, further
impacting Onami and snow and seaice. A second
example is albedo and sensible heat flux feedback
through reductions or expansion in seaice extent
in marginal seas. The Barents, East Siberian, and
Labrador Seas are especially sensitive to such
change.

Thefinal hypothesisisthat the physical chang-
es of Onami have large impacts on the Arctic eco-
systems and society. Thisistrue whether Onami is
tied to either natural or anthropogenic climate

change or isthe result of other factors, including
human activity. The key issues growing from this
idea are that we must describe (and ultimately
attempt to predict) the ecosystem and soci etal
impacts of Onami, and we must distinguish
between the changes associated with the large-
scale physical Onami phenomenon and the
changes caused by other human activity. Archaeo-
logical and paleoenvironmental studies can assist
such investigations by presenting data setsfrom
before periods of modern human impacts.

2.1.4 Objectives

The overarching goal of SEARCH isto under-
stand Onami. Thisrequires that we address the
following objectives:

* Determining if Onami has happened before;

* Determining if Onami is continuing; and

» Understanding the forcing mechanisms and
feedbacks that control Onami.

From this understanding the SEARCH Program

will derive the ability to:

* Assess the predictability of Onami and, to the
extent possible, develop a capability to pre-
dict the course of Onami;

» Assess and predict theimpact of Onami on
ecosystems and society; and

* Provide information of societal relevancein a
timely way.

These objectives must be approached differ-
ently when dealing with different components of
the Arctic system. For example, Onami relation-
ships are perhaps most readily apparent in atmo-
spheric and oceanographic data, such that
research to understand processes and feedbacks
can proceed without delay. Initial assessment is
still needed in the biological realm, and in the
human dimension the separation of effects of
environmental change from those of society’s
actions remains achallenge.

2.1.5 SEARCH Organization and
Interagency and International
Coordination

SEARCH was conceived initially as aphysical
oceanography program, because recent changesin
the Arctic environment were most readily appar-
ent in the ocean and seaiice. It has rapidly become
clear, however, that recent Arctic changes go well
beyond the marine environment into the terrestrial
environment and the atmosphere. Consequently
SEARCH has been broadened into a thematic pro-
gram extending across many scientific disciplines.
It has become apparent that SEARCH must
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include along-term observation program, an inter-
national dimension, and aremote-sensing compo-
nent. Because of this breadth, SEARCH requires
support by multiple U.S. agencies, aswell as
international collaboration. Organizational efforts
have been directed, to date, at developing an
interagency effort for SEARCH and for making
SEARCH part of the World Climate Research
Program’s International Program on Climate Vari-
ability and Predictability (CLIVAR).

|ARPC and the Interagency Working Group
for SEARCH

In the previous edition of the U.S. Arctic
Research Plan (Arctic Research of the United
Sates, Fall/Winter 1999), Arctic Environmental
Change was one of the proposed research initia-
tives. In March 2000 the full IARPC met and,
after adiscussion of the SEARCH goals, formally
established the I nteragency Working Group for
SEARCH and directed that it prepare an Inter-
agency Research Plan for SEARCH. Aniinitial
interagency implementation plan was prepared in
June 2000 to cover FY 01 activitiesrelated to
SEARCH. In April 2001 the working group was
given direction by the full IARPC to prepare simi-
lar implementation plansfor FY 02 and FY 03.

SEARCH Organization
in the Scientific Community

The SEARCH program will obtain scientific
guidance through a Science Steering Committee
(SSC) supported through a Project Office struc-
ture. The membership of the SSC consists prima-
rily of scientistsfrom U.S. academic institutions
but includes representatives from government and
international organizations. The present SEARCH
SSC was formed to write the initial Science Plan.
A new committee will be formed for the imple-
mentation phase of SEARCH and will have the
responsibility for interpretation and implementa-
tion of the Science Plan in the principal investiga-
tor community.

Dataarchival will be amajor task for
SEARCH because of the heavy emphasis on long-
term observations. Here, various data archival
facilities with experience editing, storing, and dis-
playing the wide variety of datatypes might be
used, but their data must be centrally available. It
should be possible with the use of the World Wide
Web to create a distributed data bank that appears
to the user as a centralized site. A similar para-
digm should work to some extent for information
dissemination.

National and International Coordination
of SEARCH

The organizers of the SEARCH Program are
taking steps to ensure proper coordination with
Arctic science activities conducted by other
groups and countries. The World Climate
Research Program (WCRP) isthe primary interna-
tional activity for global climate research. It isthe
parent of two activities of relevance to SEARCH:
CLIVARand CLIC.

The Climate Variability and Predictability
(CLIVAR) programisamajor driver for U.S.
research on climate. “Panels’ represent the main
effortswithinthe U.S. CLIVAR program. Thereare
three CLIVAR panels. the Atlantic Pandl, the Pacific
Pandl, and the Pan-American Pandl. The panelsare
equally represented on the CLIVAR Science Steer-
ing Committee (SSC), which isalso responsible for
providing oversight of the panels. An interagency
team representing NSF, NOAA, DOE, and NASA
set up the SSC. These panels enable the program to
provide acritical mass of resources, ensure coordi-
nation and communication between climate research
activities (both withinthe U.S. and internationally),
ensure a proper program balance by identifying and
filling crucial gapsin the program, and strengthen
themultiagency support for high-priority climate
research inthe U.S. In November 1999, SEARCH
was proposed to the U.S. CLIVAR Scientific Steer-
ing Committee as a component of the U.S. CLIVAR
program. The CLIVAR SSC response was positive,
and SEARCH is now recognized as a component of
CLIVAR.

The SEARCH SSC has been encouraged to
establish close ties with other international pro-
grams, such asthe Climate and Cryosphere
(CLIC) program. Like CLIVAR, such programs
operate under the WCRP and have received sig-
nificant support in Europe. Other interactions are
devel oping with the Norway—U.K. joint climate
program, activities supported by the European
Union, and activities supported by the Japanese
Frontier program in the Arctic.

2.1.6 Recommendations for the
Future

The SEARCH SSC needsto ensure that its sci-
ence plan is comprehensive and has been generally
accepted by the scientific community. Further, the
SSC should develop aset of science-based priorities
within each subset of the science plan. SEARCH
must move forward in al areas and not be limited to
only the“most comfortable” areas, whileleaving the
complex issues for an undefined futuretime.



2.2 Integrated Assessment for a Sustainable Bering Sea

The Bering Sea, located between the Aleutian
Archipelago and Bering Strait, isamarginal sea
that connects the North Pacific and Arctic Oceans.
Itisthe world' sthird-largest semi-enclosed sea
and includes awide eastern shelf encompassing
about half itstotal area.

The Bering Sea region supports one of the
world’s richest assemblages of seabirds and
marine mammals and large stocks of commer-
cially valuablefish and shellfish. Its multiple hab-
itats are ideal as homesto arich variety of biolog-
ical resources, including the world’s most
extensive eelgrass beds; at |east 450 species of
fish, crustaceans, and mollusks; 50 species of sea-
birds; and 25 species of marine mammals.

Thisrich, abundant, and ecologically diverse
system has attracted and supported aboriginal cul-
tures for millennia. Today, Bering Sea resources
continue to support the economic survival, subsis-
tence, and cultural foundation for amajority of the
227 federally recognized tribes of Alaska. In addi-
tion, the U.S. Bering Sea fishery contributes over
half of the nation’s fishery production, with an
annual product value estimated at $2.2 billion.
Walleye pollock comprise much of the fish land-
ings, Bristol Bay supports the world’s largest
sockeye salmon fishery, and snow crab landings
represent the largest crustacean fishery inthe U.S.
In addition to supporting commercial fisheries, the
Bering Sea also supports 80% of the U.S. seabird
population, comprising 36 million birds. Many
unique and endemic species breed in the Bering
Sea. The importance of theregion isreflected in a
variety of recent agreements, adopted by the U.S.,
other nations, and international organizations,
designed to protect Bering Sea marine mammals,
birds, and fish resources.

During the 1970s, 1980s, and 1990s, rapid
changesin the physical and biological characteris-
tics of the Bering Sea raised significant concern
among resource managers, Native communities,
commercial interests, and conservationists, among
many others. While changeis anatural character-
istic of all ecosystems, and animal and plant com-
munities are adapted to natural environmental
rhythms, some natural changes or anthropogenic
pressures can be too great or too sudden for biota
to adjust, resulting in die-offs within species and
shiftsin community composition. Observed
changes in the fish and mammal populations of
the Bering Sea region suggest that current envi-

ronmental and human pressures are too great. For
example, over the last 20 plus years, Bering Sea
Steller sealion populations declined 50-80% and
are now listed as “endangered.” Northern fur seals
arelisted as “depleted” under the Marine Mammal
Protection Act. Bering Sea populations of com-
mon murres, thick-billed murres, and red and
black-legged kittiwakes declined up to 90%. In
1999 the collapse of the salmon fishery in Bristol
Bay led the State of Alaskato consider the region
an economic disaster area. Natural and anthropo-
genic forces are likely combining to cause rapid
changes in the physical environment and biologi-
cal communities of the Bering Searegion.
Although considered among the most productive
of high-latitude seasin the world today, the Bering
Seaisat risk.

Significant changes occurring in the oceano-
graphic and atmospheric Arctic environment, tar-
geted under SEARCH (Study of Environmental
Arctic Change, see Section 2.1), are powerful
influencesin the Bering Searegion. Asin other
Arctic regions, the Bering Seais likely responding
to these forces of change. The Bering Seainte-
grated assessment will benefit from work com-
pleted under SEARCH. At the same time, work
completed as part of the Bering Sea integrated
assessment will contributeto SEARCH, serving
as acase study sub-ecosystem.

2.2.1 Arctic Research

Commission Charge

The Arctic Research Commission, in its 2001
Report to Congress, targeted integrated research
and assessment of the Bering Sea as akey
research priority. The Commission observed that
concern about the Bering Sea has engendered
large and intense research synthesis and planning
efforts with significant research and financial
investment. These efforts share acommitment by
scientists from diverse disciplines and organiza-
tionsto come together to define the most impor-
tant research needs and share research results. The
quality of past and current research is unques-
tioned. However, while significant research efforts
have produced important results, our understand-
ing of how and why those changes are occurring
remains elusive. Based on meetingsit held during
1999, the Commission concluded:

* Thereisinsufficient integration among key

Bering Searesearch programs.
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« Current research does not enable managersto
predict ecological responses to management
decisions implemented within the Bering Sea
region.

Asthe Commission noted, for example, connec-
tions must be made between research efforts on dif-
ferent populations of the same speciesto alow for
comparisons. Basic oceanographic data collection
and analyses should beintegrated with studies of
population effectsin species at higher trophic levels,
such as marine mammals, birds, and fish. Further,
scientists must process datain such away that pre-
dictions about changesin the Bering Sea ecosystem
can be made, particularly on the population dynam-
icsof higher trophic organisms.

The Commission found that dataanalysisis now
post hoc, and management decisions are primarily
based on historical records of system behavior rather
than on predictions about ecological responsesto
new management decisions. Managers need the type
of scientific information that will allow themto pre-
vent negative effects and avoid crisis management.
Whilethere are ecological, social, and financial risks
associated with making incorrect predictions, predic-
tionswith carefully stated confidencelimitsare
essential for effective resource management and
protection of the Bering Sea.

2.2.2 Building an Iterative Bering
Sea Research Strategy

While continued research is critical to better
elucidate the mechanisms and processes of change
in the Bering Sea as well asthe Arctic, ensuring
that all essential scientific questions are well
directed and investigated to answer key manage-
ment concernsis achallenge. To meet the needs
for an integrated assessment in the Bering Sea,
Federal partners are implementing a strategic plan
to clarify and connect scientific questions to man-
agement needs, aswell asidentify key goals.
Since natural ecosystems, science, and manage-
ment are all dynamic systems, an iterative process
will be established to ensure linkages among
needed management decisions, research, and
ongoing system changes.

Components of Strategic Integrated Research
The Bering Sea Research Strategy will include
four key components, each of which influences
the othersin an iterative framework. They
include:
» Common Vision and Goals: Based on dia-
logue among interested parties of the Bering
Sea, key concerns, common interests, and

desired outcomes from management actions
will be defined. In this process, diverse inter-
ests establish agreement on key ecological
and human values of concern to provide the
necessary framework around which to struc-
tureintegrated assessments.

Conceptual Synthesis: Existing datawill be
integrated to identify potential relationships
among forcing functions, ecosystems changes,
sources of stress, and ecological endpoints of
concern identified in the goals. The processis
interactive, iterative, and interdisciplinary,
transforming diverse datainto a set of con-
ceptual models and predictive testable
hypotheses about the influences of multiple
natural and human stressors on ecological and
human systems. The purposeisto learn more
from existing data, generate multiple working
hypotheses about likely causal relationships,
and define essential research needs.

Research Plan: Based on the conceptual syn-
thesis and resulting conceptual models, a
research plan will be developed that identifies
key questions, information gaps, and concep-
tual links. A superimposed guiding frame-
work for integrating research and interpreting
results can then be used to generate an inte-
grated interagency research plan among Fed-
eral agencies and other research organizations
that capitalizes on existing research efforts
and encourages strategic new research.
Research Implementation: New research will
beinitiated to evaluate predictive relation-
ships among natural and human influences on
key values of concern. The research will
investigate processes, trends, and effects, as
well as monitor the impacts of management
decisions. Information will be fed back into
goal setting, synthesis, and planning for re-
evaluation of goals, refinement of conceptual
models, and development of updated research
plans.

Goal development, conceptual synthesis,
research planning, and implementation each pro-
vide feedback to all other components. As aresult
the strategy isinherently iterative, involving an
interplay among research findings and environ-
mental observations, desired management out-
comes, goal setting, and new insights that lead to
new research.

Chapter Organization
To provide background about the Bering Sea,
Section 2.2.3 describes some of the basic charac-



teristics of the region and the forces influencing it.
Section 2.2.4 provides an outline of recommended
research, giving priorities for current research
needs. To build a more comprehensive integrated
research strategy in the future, Section 2.2.5
describes the process planned to establish unified
goals, conceptual syntheses, and research plan-
ning to achieve strategic research of integrated
assessments.

2.2.3 The Bering Sea Region

The larger Bering Searegion includes the
waters and coastal regions of the Bering Sea situ-
ated between Alaska and Russia. The southern
extent includes currents from the North Pacific
flowing through the Aleutian Chain and waters
flowing north through the Bering Strait to the
Chukchi Seaand Arctic Ocean. A large terrestrial
component is part of the region that includes
watersheds in Alaskaand Russiadischarging into
the Bering Sea, such as the Yukon and Kusko-
kwim watersheds covering the mgjority of Alaska.

Characteristics

In the early 1980s, scientists working under the
Processes and Resources of the Bering Sea Shelf
(PROBES) project defined specific hydrographic
regimes for the southeastern Bering Sea: the
coastal or inner shelf domain, the middle shelf
domain, the outer shelf domain, the continental
slope, and the transitional areas or fronts between
them. Each of these domains represents a different
marine habitat.

Time series data collected in Bering Strait on
salinity and temperature confirm that Alaskan
coastal waters arerelatively warm, have low salin-
ity, and flow through the eastern channel of the
strait. Bering Shelf water is of higher salinity. The
eastern Bering Sea consists of an oceanic and
shelf regime. Within the broad (>500 km) shelf
regime, three distinct domains exist, characterized
by contrastsin water column structure, currents,
and biota. The balance between mixing (tidal and
wind) and buoyancy flux (freshwater discharge,
ice melt, and solar radiation) generates the
domains. A system of three hydrological zones
exists over the western shelf that is somewhat
anal ogous to the system of hydrological zoneson
the eastern shelf. The coastal, transition, and
oceanic zones are easily distinguished by their
temperature—salinity characteristicsand vertical
structure. Aswith the eastern shelf, atmospheric
processes that regulate the heat balance and result
in the formation of ice are primary features of the

environment that dictate oceanographic conditions
of the western shelf. Ice typically coversthe entire
western shelf in winter.

North of approximately 62°N, changesin
topography, tidal energy, and river discharge from
the Yukon modify boundaries between domains.
South of St. Lawrence Island, three water masses
exist across the shelf: Alaskan Coastal, Bering
Shelf, and Anadyr. North of St. Lawrence, all
three water masses are present and can be identi-
fied as they flow northward through Bering Strait.
Over the western shelf, the dominant circul ation
feature isthe Anadyr Current, a coastal flow
extending from the Gulf of Anadyr westward past
Cape Navarin.

The status of living marine resourcesin the
Bering Sea ecosystem islargely confined to com-
mercially important fish and invertebrates and
birds and mammals readily observed from land or
air. Data on forage fishes are largely confined to
the Pacific herring, which is dominated by the
Togiak stock. Knowledge of invertebratesislargely
restricted to crabs. Eastern Bering Sea salmon
abundance was generally high during the 1980s
and 1990s, although specific runs, such as chi-
nook and chum in western Alaska, have been
poor. Several marine mammal and seabird popula-
tions have undergone major changesin abun-
dance. Patterns of change for marine birds has
varied among species, locations, and decades over
the past 20-30 years. Changes in many bird and
mammal populations are most likely related to
prey abundance and availability. Changesin
oceanographic conditions can affect the geo-
graphic distribution and availability of species.
One of the more important anthropogenic influ-
ences on the Bering Sea ecosystem is commercial
fishing.

Forces of Change

Observations and historical analyses supported
by NOAA and NSF over the last six years show
that the Bering Sea ecosystem is influenced by
hemi spheric processes that many believe explain
recent biotic declines. Observed changesin biota
have also been linked with along history of natu-
ral resource exploitation that has spanned two
centuries but that has increased dramatically with-
in the last few decades. There isrising evidence of
increased loading of pollutants being transported
to and sequestered in Arctic oceanic, atmospheric,
and terrestrial environments and biota. Alterations
of the ocean floor from industrial fishing and
changesin terrestrial habitats caused by develop-
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ment activities have also occurred and cannot be
excluded as factors in these declines. The natural
changes and human influences are likely altering
the biocomplexity of the Bering Seain ways not
yet understood. Quantifying the relative impor-
tance of natural and human-induced variationsin
explaining upper-trophic-level ecosystem change
is akey management issue for the Bering Sea. The
cause of biotic fluctuations, while still unknown,
islikely areflection of natural, climate-related,
and other human-induced pressures.

Oceanographic and Atmospheric Influences

The Bering Sea responds to two dominant cli-
mate patterns in the region: the Pacific Decadal
Oscillation (PDO) and the Arctic Oscillation
(AO). The PDO has a 40- to 50-year cycle with
principal impact on the southern Bering Sea. This
was reflected in lower sea surface temperaturesin
the North Pacific from 1925 to 1947 and from
1977 to 1998, with reverse conditions occurring
in 1899-1924 and 1948-1976. The Arctic Oscil-
lation is associated with the spin-up of the polar
vortex and has influence from the sea surface to
the stratosphere and from the Arctic to mid-
latitudes.

The highly varying seaice cover of the Bering
Sea has a profound influence on the physical and
biological ocean environment. Seaicein its most
extensive years arrivesin January and remainsto
May, coincident with negative values of the PDO
(for example, in the early 1970s there was exten-
sive winter ice cover before the 1977 shift in the
PDO and, to some extent, the AO). The late 1970s
and 1980 were warmer years with reduced ice
cover. In the 1990s winter ice has again become
more common after a 1989 shift in the AQ,
although not to the extent observed in the early
1970s. A key Arctic change that impacts the Ber-
ing Seaand Alaskais a shift toward higher tem-
peraturesin April.

Resource Extraction

The Bering Sea ecosystem has been impacted
by significant human activity. Many believe that
the ecosystem has been damaged as a result of
these impacts. These beliefs are based on (1) sig-
nificant increasesin levels of human activity,
especially commercial fishing, since the 1960s,
and (2) unexpected and unexplained changesin
important components of the ecosystem (for
example, some pinnipeds and seabirds). The
removal of biomass from the Bering Sea has been
very large (for example, more that a million tons

of pollock per year pluslarge landings of salmon,
crab, and other commercial species). Biomass
removal of this magnitude will likely cause both
direct and indirect effects on many other species
within the ecosystem, including predators, com-
petitors, and prey, as well as change in the propor-
tions of various species within the ecosystem.

Extraction of arsenic, lead, zinc, and oil within
the Bering Searegion may also be contributing to
the loadings of contaminants now increasingly
found within Bering Searesources. Local sources
could be combining with long-range transport of
contaminants to play an important rolein the
health and distribution of biological resources as
well ashumansliving in the region.

Contaminants

In 1998 the Arctic Monitoring and Assessment
Program (AMAP), under the Arctic Council, pub-
lished The AMAP Assessment Report: Arctic Pol-
lution Issues. The principal conclusionsin this
report were that in comparison with most other
areas of theworld, the Arctic remains arelatively
clean environment. However, characteristics of
the Arctic environment place Arctic ecosystems at
risk:

» The Arctic is afocus for major atmospheric,
riverine, and marine pathways, resulting in
long-range transport of contaminants to and
within the Arctic, where it enters the food
web and biomagnifies.

* Low temperatures, extreme seasonal varia-
tionsin light, and lack of nutrients are some
of the physical and chemical characteristics
that cause environmental stressto organisms,
limit productivity of Arctic ecosystems, and
make them potentially more vulnerable to
environmental contaminants.

* Several groups of peoplein the Arctic are
highly exposed to environmental contami-
nants. Persistent contaminants, derived from
long-range transport and local sources, accu-
mulate in animals that are used as traditional
foods.

 The combination of long-range transport pro-
cesses, climatic conditions, and physical,
chemical and biological propertiesresultsin
the accumulation of some contaminantsin
traditional subsistence foods at levels higher
than found outside of the Arctic.

Habitat Alteration
Habitat iscritical to al living organisms,
whether fish, invertebrates, mammals, birds, or



primary producers. Habitat characteristicsinflu-
ence survival, growth, and reproduction. Habitat
encompasses the physical, chemical, and biologi-
cal environment within which an organism lives.
At different life stages, habitat requirements may
differ significantly for a particular species at birth
or spawning, during early life stages, and asan
adult. Thus, to understanding the habitat require-
ments for a particular species requires asignifi-
cant understanding of itslife history characteris-
tics. Unfortunately our understanding of thelife
history and habitat requirements for most species
depending on Bering Sea ecosystemsis limited at
best, making it asignificant challenge to under-
stand the ramifications of activities causing habi-
tat alteration within watersheds, wetlands, coasta
regions, and the domains of the Bering Sea.

2.2.4 Bering Sea Research Plan

Interagency integrated Bering Sea research will
be implemented in stages. Ongoing research pro-
gramswill continue to gather important informa-
tion and may benefit from the research recommen-
dations provided below, which outline research
topics of particular importance. Concurrent with
ongoing research, interagency effortsto develop
an integrated research strategy will begin and run
concurrently. Both efforts will revolve around four
guestions central to ensuring future integration:

» What array of factors (stressors or forcing
functions) are influencing change in the Ber-
ing Sea, over what time scales and spatial
characteristics?

» How are these factors (anthropogenic and
natural) interacting to effect change on prior-
ity components and processes of Bering Sea
ecosystems?

» What feedback mechanisms are operating
within the Bering Sea systems that will
impact the course of change?

» What and where is change most likely to
occur within Bering Sea ecosystems, given
alternative scenarios of natural forces and
human influences?

Therelative importance of natural cyclesand
human factorsin explaining variability in abun-
dancein the Bering Seais akey management
issue. In addition to perturbations created by
human activities, environmental factorsare
seldom stable and are subject to large-scal e fluctu-
ations. It isclear that the production of new
organic matter, which provides the basis for
exploitable fish populations and all other higher-
trophic-level animals, is greatly affected by both

human actions and environmental factors. Ques-
tions remain, however, concerning the ecosystem
dynamics of the vast Bering Sea shelf that sup-
portsthis high productivity. An integrated assess-
ment for the Bering Sea must include questions
that investigate the interplay of human and natural
processes.

Research Recommendations

To promote integrated interpretations of data,
studiesin general should be collaborative and
multi-disciplinary and should include standard
physical and chemical measures aswell asasuite
of biological measures. Biological measures rec-
ommended include primary production, zooplank-
ton biomass and production, zooplankton grazing,
grazing by larval and juvenile fishes and the abun-
dance of forage species, and the diets of marine
birds and mammals. Specific ongoing research
activities recommended include the following:

1. Maintain long-term time series data collec-
tion important for integrating and indicating eco-
system change in the eastern Bering Sea. These
include:

* Four biophysical moorings maintained by the
National Oceanic and Atmospheric Adminis-
tration (NOAA) to collect vital information
on winds, seaice, water column structure,
currents, nutrients, and chlorophyll concen-
trations across the eastern shelf.

* National Marine Fisheries Service (NMFS)
data on northern fur seal pup production and
diet samplesin the Pribilof Islands and Bog-
oslof Island.

* NMFS surveys of Steller sealionsin the
Aleutian Islands and Bering Sea.

» U.S. Fish and Wildlife Service (UFWS) sur-
veys of seabird population dynamics and diet
samples from colonies around the Bering Sea
and Pribilof Islands.

2. Conduct comprehensive research on the con-
nections between climate change and ecosystem
function to evaluate and predict the effects of cli-
mate change on the structure and function of bio-
tic communitiesin the eastern Bering Sea, asking
guestions such as:

» What is the influence of the timing and mag-
nitude of spring primary production on the
characteristics and ecological relationships
within the biotic community? How has sum-
mertime warming of waters over the shelf
during the past three decades impacted or cre-
ated a northward shift in ecosystem properties
required for successful pollock production?
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» How have changesin the timing of the spring
bloom altered the transfer of energy from
phytoplankton to zooplankton, and what are
the implications for the food web?

» What similarities and differencesin physical
properties exist between the southeastern and
northeastern Bering Sea now, and how has the
southeastern Bering Sea changed since the
region was evaluated under PROBES?

» How does wind stress and heating of the
upper mixed layer during summer influence
summertime primary production? How does
this summertime production influence zoo-
plankton biomass and lipid content (food val-
ue) in the upper water column? How does
zooplankton abundance and quality affect the
condition of small forage fish in late summer
and the survival of juvenile fish during the
following winter?

3. Conduct studies to evaluate the effect of
spring and summertime cross-shelf flux in deter-
mining ecosystem function and trophic transfer of
energy to apex predators. A key questionto ask is:

» What isthe influence of the interannual var-
iation of on-shelf flow of nutrient- and
zooplankton-rich slope water on new produc-
tion and zooplankton populations on the outer
shelf?

4. Evaluate how decreased cross-shelf flux may
lead to decreased production in zooplankton for
planktivorous birds, and in small fishes for pisciv-
orous birds and mammals. Hypotheses to evaluate
include:

* On-shelf transport of slope water advects oce-
anic copepods onto the shelf and supplies
nutrients that enhance new production, which
alters production and supports the zooplank-
ton on which forage fish feed.

* Increasesin forage fish would in turninflu-
ence seabird and fur seal foraging success on
the Pribilof Islands by virtue of variability in
the magnitude and pathways of on-shelf flow,
with enhanced reproductive success asso-
ciated with moderate to strong on-shelf flow
and lower success during weak on-shelf flow.
This enhanced reproductive success may
result from bottom-up processes caused by
the introduction of nutrient- and zooplankton-
rich slope waters.

 On-shelf flow and tides create areas of con-
vergence at the shelf edge, where birds feed
on small fish attracted to concentrations of
neuston.

In addition, based on research recommenda-

tions made by the Bering Sea research community,
the following four categories of research are rec-
ommended.

Monitoring

» Maintain and enhance time series from
moored biophysical buoys and discrete ship-
board samples across the southeast Bering
Sea, Bering Strait, Aleutian North Slope cur-
rent, and Unimak Pass. Thisincludes weather,
temperature, salinity, primary production, and
zooplankton sampling.

« Strengthen existing surveys of groundfish,
crabs, birds, and mammals and add informa-
tion on benthos, forage fish, and predator
Species.

* Archive, in ageographically registered for-
mat, all available remote sensing for seaice,
SST, and ocean color in near-real-time.

Retrospective Analyses

» Characterize the space/time structure of
climateforcing.

» Establish baseline conditions, including vari-
ability, of key physical and biological indi-
cators.

* Survey archaeological middens and sediment
cores to look at species abundance and
change.

« Evaluate the relative impacts of anthropo-
genic versus natural factors on patterns of
biological change.

* Produce a unified database for the Bering
Sea.

Modeling

» Use downscaling techniques to relate the
results from global general circulation models
to changes forcing the Bering Sea.

« Implement high-resolution physical/biologi-
cal modelsthat include zooplankton dynam-
ics and individual-based models for nodal and
commercially valuable species.

» Conduct statistical and explicit model build-
ing to investigate changes in trophic-level
structurein response to physical changes.

» Model the effects of alternate natural resource
management strategies.

Process Sudies
 Examine mechanisms of nutrient replenish-
ment onto the continental shelves.
» Determine the role of the physical environ-
ment on the critical life stages of key species.



» Evaluate the cause of changesin trophic
interactions.

» Usetelemetry to define marine mammal and
apex predator feeding areas.

» Evaluate experimental management strate-
gies, including fish removals, on local prey
abundance and distribution.

2.2.5 Srategic Research for
Integrated Assessments

While continued research is critical to better
€elucidate the mechanisms and processes of change
in the Bering Sea as well asthe Arctic, ensuring
that the essential scientific questions are well
directed and investigated to answer key manage-
ment concernsis a challenge. To meet the needs
for an integrated assessment in the Bering Sea,
Federal partners are developing a strategic plan to
clarify and connect scientific questions to man-
agement needs as well asidentify key goals.

Since natural ecosystems, science, and man-
agement are all dynamic systems, an iterative pro-
cesswill be established to ensure linkages among
decisions that need to be made, new knowledge
that will be obtained, and ongoing changes that
will influence outcomes. The importance of this
process was reflected in 1996 when the Polar
Research Board of the National Research Council
published a study on the Bering Sea ecosystem,
which included a set of recommendations empha-
sizing the vital link between science and manage-
ment including:

» Adopting a broad ecosystem perspective for

scientific research and resource management;

» Adopting an adaptive management approach
for Bering Searesources;

« Evaluating how well management and
research institutions are able to address
emerging problems;

* Providing appropriate management solutions;
and

» Developing research programsto help policy
makers solve short- and long-term ecological
problems.

Building an lterative Bering Sea
Research Srategy

The Bering Sea Research Strategy will include
four key elements. Each element will be linked to
the others through clearly defined feedback loops
within an iterative framework. They include the
following:

« Unifying vision and goals: Through dialogue

among partiesinterested in the Bering Sea,

identify key concerns, common interests, and
desired outcomes of management actions and
agree on key ecological and human val ues of
concern. Thiswill provide the necessary
framework around which to structure inte-
grated assessments and help ensure scientific
advances and adaptive and predictive man-
agement.

Conceptual synthesis: Assess and integrate
availableinformation within an interactive,
iterative, interdisciplinary processto trans-
form current datainto a set of conceptual
models characterizing predictive testable
hypotheses about the influences of multiple
natural and human stressors on ecological and
human systems. For best success, the process
will generate multiple working hypotheses
about potential causal relationships.

Research planning: Based on the conceptual
synthesis, define the essential research needs
and aresearch plan designed to produce inte-
grated research and assessments. The expect-
ed outcome is a proposed research program
among Federal agencies and others that capi-
talizes on existing research efforts and
defines new research within a structured
framework for integrating research activity
and interpreting resullts.

Research implementation: Initiate new
research designed to test potential causal rela-
tionships among natural and human influences
impacting key values of concern. New find-
ings would be used to refine the conceptual
links established during conceptual syntheses
to derive new knowledge about processes,
effects, trends, and relationships, aswell asto
assess the influence of management decisions
on ecosystem change.

Each of these elementsisiterative. Successful
implementation resultsin feedback among ele-
ments to create an interplay between research
findings and environmental observations, desired
management outcomes, goal setting, and new
insights that lead to new cutting edge research.

I mplementation of the Strategy

In April 2001 the Interagency Arctic Research
Policy Committee authorized the establishment of
an Interagency Working Group (IWG) for the
Bering Sea. The IWG was charged to develop a
coordinated approach to implementing an inte-
grated assessment for a sustainable Bering Sea.
Over the next year the IWG will organize and
develop aplan for implementing an assessment.

25



26

Questions managers and scientists answer
during early dialogues.
Managers answer

» What are the ecological and human values
of concern and what outcomes are desired?

» What are the management goals and deci-
sions needed and how will an integrated
assessment help?

» At what scale must it be addressed?

» What are the policy considerations?

» What precedents have been set through
previous decisions?

» What isthe context of this assessment?

» What resources are available?

» What level of uncertainty is acceptable?

Scientists define

» What are the spatial and temporal bound-
aries of the problem?

» What information is already available,
compared to what is needed?

» What practicalities constrain data collec-
tion?

* Can decisions be based on assessments of
asmall areaevaluated in depth or alarge-
scale assessment at |esser detail ?

» What are the critical ecological endpoints
and key ecosystem and receptor character-
istics?

» What are the likelihood and duration of
system recovery?

» What is the nature of the problem now,
compared to the past and the future?

» What are the current state of knowledge,
the available data, and the type of analy-
ses?

» What are the constraints?

Defining a Vision and Goals

Federal effortsto establish avision began with
dialogue among interested partiesin the Bering
Sea region between 1998 and 2000. Interviews
were conducted with Federal and state officials,
and commercial and environmenta interests,
among others. The results from these interviews
generated several common themes:;

« Current management regimes and institutional
structures need to be enhanced to achieve a
coordinated ecosystem-wide approach to
management.

» A common vision and agreement on a desired
future condition for the Bering Seais needed.
The vision should be as specific as possible
to guide managers.

» A common understanding of the threatsto the
Bering Sea ecosystem is essential. Given
insufficient science, there must be agreement
on scientific prioritiesto answer fundamental
guestions about what is happening in the eco-
system.

Asfollow-up to these findings, the U.S. Envi-
ronmental Protection Agency (EPA) isserving as
acatalyst for organizing a Bering Sea Summit to
be held in Anchorage in April 2002 through
implementation of the Bering Sea Regional Geo-
graphic Initiative (RGI). EPA isserving asalead
Federal organizer based on EPA's broad mandate
(protect human health and safeguard the natural
environment), the absence of specific resource
management responsibilitiesin the Bering Sea (a
“disinterested” Federal partner), and substantial
experience with community-based environmental
protection and predictive risk assessment. EPA is
working in partnership with Federal and state
agencies, tribes, and environmental and industry
groups, among others, to convene the Summit,
which isbeing designed to foster dialogue among
the diverse organizations, management agencies,
and communitiesin the Bering Searegion. The
expected outcome is a multi-party strategic vision
for protecting, investigating, and utilizing Bering
Searesourcesin asustainable way. A principal
goal for the Summit isto develop an implementa-
tion strategy with local, regional, national, and
international components.

Conceptual Synthesis and Research Planning

A Federal effort for promoting conceptual syn-
thesis and research planning for a Bering Seainte-
grated assessment will be developed based in part
on the results of the Bering Sea Summit 2002 and
efforts by anewly formed Federal Bering Sea
Interagency Working Group, a partnership among
Federal agencies and other interagency manage-
ment organi zations including efforts under
SEARCH. National effortswill be linked to inter-
national activities, including work by the Arctic
Council and the United Nations Environmental
Programme (UNEP) Global International Waters
Assessment.

Strategy development will progress concur-
rently with ongoing research efforts. The outcome
over the next several yearswill be the completion
of goal setting, conceptual synthesis, and afirst-
stage integrated assessment and research plan.

Early conceptual synthesiswill be based on
availableinformation on all aspects of the system
of concern (for example, ecosystem characteris-



tics, natural and anthropogenic forces influenc-
ing the ecosystem, exposure to potential stres-
sors, and observed changes). Thisinitial synthe-
siswill provide the basis for developing
preliminary conceptual models, which generally
lead scientists to seek other types of data and
information not previously recognized as needed.
The conceptual models include written
descriptions and visual representations of pre-
dicted relationships among ecological values
and factors potentially influencing them. They
are valuable as learning and communication
tools, are easily modified in response to new
information, highlight what is known and not

known, and provide aframework for prediction.

A research plan will be generated from a care-
ful evaluation of conceptual synthesis. Planning
normally resultsin adelineation of an integrated
assessment design, data needs, and measures and
methods for conducting analyses for an integrated
assessment. Thisisdirectly linked to conceptual
models and includes the rationale for selecting
priorities.

Strategy devel opment, integrated assessments,
and research planning and implementation will
remain an iterative process that can be used, mod-
ified, and used again as new understanding and
new guestions emerge for the Bering Sea.

2.3 Arctic Health

Arctic health research encompasses two major
subdivisions: environmental health and public
health. The former includes the topics of environ-
mental contaminants, the effects of climate change
(Arctic Climate Impact Assessment), and radioac-
tive nuclides. The latter includes infectious diseas-
es, occupational injuries, chronic diseases, behav-
ior, delivery of health care, capacity building, and
the elimination of health disparities between the
Alaska Native and non-Native populations.

2.3.1 Environmental Health

The occurrence of artificial radionuclides and
pesticides in the environment and biota has been
documented for over 30 years and has since
remained a matter of scientific and public con-
cern. This concern was heightened considerably
in 1990s, first by an increased awareness of the
unexpectedly high levels of contamination in the
Arctic that led to the adoption of the Arctic Envi-
ronmental Protection Strategy in 1991 by the eight
Arctic countries, including the U.S. Soon there-
after, in 1992, there was a major disclosure of
widespread dumping of nuclear reactors and
wastes into the Arctic and northwest Pacific
Ocean by the former Soviet Union. Later in the
same year, it was reported that 15,000 pounds of
soil contaminated with radioactive material,
including fallout material collected from an atom
bomb test in Nevada, was buried 30 years ago
near Cape Thompson, Alaska.

In recent yearsit has becomeincreasingly clear
that many contaminants found in the Arctic, par-
ticularly certain pesticides and industrial chemi-

cals, originate in areas far removed from the Arc-
tic but that those chemicalstend to persist and
accumulate in the Arctic environment and food
chains, including human residents. Because of
their reliance on local faunafor subsistence and
preserving their cultural heritage, Alaska Natives
have become increasingly apprehensive about the
quality of their traditional food resources and the
health of Arctic ecosystems. The paucity of
scientific data on the nature and severity of envi-
ronmental contamination on human health and
renewabl e biological resources has prompted the
Interagency Arctic Research Policy Committee
(IARPC) to begin planning for afocused, inter-
agency research program emphasizing health
concernsinthe U.S. Arctic, including its environ-
mental aspects.

Radionuclides in the Environment
and Subsistence Foods

Glaobal fallout from atmospheric testing of ther-
monuclear devicesisthe principal environmental
source of artificial radionuclidesin the U.S. Arc-
tic. Even though the ground deposition of fallout
radionuclidesis quite pervasive, itsdistribution is
greatly influenced by patterns of mean annual pre-
cipitation. Thus, portions of southeastern Alaska
(which isnot part of the U.S. Arctic) are estimated
to have orders-of-magnitude higher activity of the
radionuclide cesium-137 than, for example, the
North Slope of Alaska. However, proportionately
high consumption of caribou, freshwater fish, ber-
ries, bowhead whales, and other subsistence foods
inthe U.S. Arctic is often considered an important
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means of radionuclide exposure to humans.

The National Oceanic and Atmospheric
Administration (NOAA) in collaboration with the
Los Alamos National Laboratory (LANL) have
measured activities of anthropogenic and naturally
occurring radionuclidesin coastal sedimentsand a
number of faunal speciesthat are used for subsis-
tenceinthe U.S. Arctic. The study, supported in
part by the Office of Naval Research (ONR),
showed that typical yearly consumption of caribou
meat by an adult resident of Barrow added avery
small amount (0.0045 mSv) to the average effec-
tive dose equivalent of ionizing radiation. This
value should be viewed in relation to the average
radiation dose to humans from natural sources
(3.0 mSv)", such as exposure to radon and cosmic
radiation, and other anthropogenic sources (0.6
mSv), such as consumer goods, medical x-rays,
and air travel. Subsistence foods derived from
marine food chains accounted for amuch smaller,
and perhaps negligible, dose.

It is generally concluded that human health and
ecological risks from projected releases from
nuclear waste dump sitesin the Arctic are likely to
be inconsequential. However, asummary of ONR-
funded studies has noted the need to consider
other known sources and potential transport path-
ways for radionuclidesin the Arctic. For example,
major Siberian rivers may potentially contribute
significant amounts of radionuclides from nuclear
power plants and weapons factories in Russia,
amounts that could pose as much or greater risks
than the materials dumped directly into the Arctic
Ocean.

Contaminants in Species of Subsistence,
Commercial, and Aesthetic Value

The presence of persistent organic contami-
nantsin Arctic wildlife has been documented for
more than 30 years. For example, specimens of
gyrfalcons collected from the Seward Peninsulain
1970 had highly variable levels of DDE (a metab-
olite of DDT that is most often related to adverse
biological effectsin the field) and PCBsin their
tissues, but in some cases the levels exceeded 200
ppm. The peregrine falcon in the Amchitkaregion
was considered a highly vulnerable species as
early as 1970, when DDE residue in members of

" Sievert (Sv) isameasure of absorbed radiation dose
per unit mass, often expressed as millisievert (mSv). A
1-mSv yearly dose is often equated to an increased risk
of cancer in one person out of 20,000, and a dose of
0.01 mSv is generally considered negligible in terms of
potential risk to individuals.

that population were associated with thinning of
eggshells. Sincethen, relatively high levels of
these and other contaminants, such as hexachloro-
cyclohexane (HCH), have been reported in liver
and fatty tissues of many species of fish and wild-
life, including marine mammals. Some marine
mammals, such as the Pacific walrus, haverela-
tively high concentrations of potentially toxic
metalsin their tissues.

Both NOAA and the U.S. Fish and Wildlife
Service (FWS) have ongoing programs to deter-
mine the contaminant levels and their biological
effectsin protected and threatened species under
the Marine Mammals Protection Act and the
Endangered Species Act. Nearly all marine
mammal tissue collected for contaminant analy-
ses in these programs were from animals har-
vested by Alaska Natives, often in consultation
with statewide Native organizations and coop-
eratives, such asthe Alaska Eskimo Walrus Com-
mission. This resultsin a broad geographic distri-
bution of samples and cooperative efforts with
subsistence hunters. Examples of contaminant-
related studies on selected Arctic faunal species
are noted below.

The polar bear biomonitoring program of the
FWSwasiinitiated in 1995 to determineif con-
taminant levelsin polar bears from the two Alas-
kan population stocks were of concern. The
Chukchi/Bering Seas and southern Beaufort Sea
population stocks in Alaska are shared with Rus-
siaand Canada, respectively. Levels of PCBsin
adult male polar bears from Alaska analyzed to
date are relatively low compared to the high levels
found in polar bears in eastern Hudson Bay, Cana-
da, and Norway. Average levels of HCH in Alas-
kan bears are among the highest reported in the
Arctic. Littleis known, however, about the poten-
tial impacts that these relatively high HCH levels
may have on the health of polar bears, human
consumers, and the Arctic ecosystem. To date,
samples have been obtained from approximately
28 bears. Sampling for this project will continue
through FY 02, when afinal report will be pre-
pared. Polar bears have been identified as a senti-
nel species under the Arctic Monitoring and
Assessment Program (AMAP) for monitoring
environmental contamination in the Arctic ecosys-
tem because of their wide distribution, position at
the top of the Arctic marine food chain, and value
to Native subsistence users.

Tissue samples have also been collected for
long-term storage by the Alaskan Marine Mammal
Tissue Archival Project (AMMTAP) for usein



future analyses as analytical techniquesimprove
and for assisting in the development of spatial and
temporal trends of contaminant levelsin the Arc-
tic. AMMTAP is a cooperative interagency pro-
gram supported by the U.S. Geological Survey
(USGS), NOAA, and the National Institute of
Standards and Technology (NIST). Standardiza-
tion of quality assurance and quality control pro-
cedures will help reduce past limitations that have
hindered making meaningful comparisons among
various data sets. The contaminant data collected
from the polar bear biomonitoring program have
been used for inter-laboratory comparisons, as
well asfor physiological studies on contaminant
accumulation and effects on polar bears.

The FWS studies of organochlorine pesticides
and industrial chemicals, hydrocarbons, and heavy
metalsin walrus tissues over the past two decades
have shown only extremely low levels of organic
contaminants in walrus blubber collected from
coastal and offshore sitesin the Bering Sea. How-
ever, these studies have documented high levels of
cadmium in the kidney and liver tissues of walrus
in the Bering and Chukchi Seas. In several
instances, cadmium concentrationsin kidney
tissues were higher than the level thought to inter-
ferewith organ function in some mammals. A
positive correlation between cadmium and age
was found in both liver and kidney. Similar rela-
tionships were found between age and concentra-
tions of zinc (kidney) and arsenic (liver and kid-
ney). Histopathol ogical examination of samples
from 170 animals collected from Gambell and
Diomede indicated that the metals present in the
kidneys and livers did not appear to cause injury
to the tissues. Data on heavy metal contamination
in the walrus tissues are being synthesized for
publication. Although data are few and from
disparate sources, high levels of cadmiumin
bowhead whal e kidney tissues have also been
reported.

Concentrations of persistent organic pollutants
(POPs) in blubber, and heavy metalsin liver and
kidney, have been determined for two stocks of
Alaskan Arctic belugawhales (Beaufort Sea and
Eastern Chukchi Sea stocks) from the Bering Sea
population and for beluga whales from the sub-
Arctic Cook Inlet population. Generally the sub-
Arctic Cook Inlet animals appear to be substan-
tially different from the two Alaskan Arctic
stocks, having lower concentrations of POPs and
metal s (except for copper). The two Alaskan Arc-
tic stocks have concentrations of POPs that are
similar to levels reported for beluga popul ations

across the North American Arctic; however, cer-
tain metal concentrations are substantially differ-
ent. Hepatic total mercury concentrations are
higher and cadmium concentrations are lower in
these Alaskan belugas than what has been reported
for belugas farther east in the Canadian Arctic.

In recent years, FWS has made organochlorine
and heavy metals measurementsin liversand kid-
neys from 66 sea otters that were collected in
coastal waters throughout Alaska. Preliminary
results have identified several otterswith low lev-
els of PCBs, beta-BHC, pp-DDE, and dieldrin.
Given arather sparse sampling coverage, the
source of these contaminantsis unclear, and the
physiological effects of contaminants on sea otters
can only be speculated.

Mercury isanaturally occurring element that is
present in rocks and ores. It is also released into
the atmosphere by degassing of the earth’s crust
and oceans in large amounts; an approximately
equal amount is released by way of human activi-
ties, such as burning of household and industrial
wastes and waste discharge from certain indus-
tries. Its presencein food chains, particularly
large predator fish such as sharks, swordfish, and
large species of tuna, has been well documented.
In recent years, the presence of mercury in coastal
and freshwater fish has become a matter of great
concern, prompting many states to issue fish con-
sumption advisories. Although extensive dataare
available on mercury concentration in fish tissues
inthe Arctic, datafrom the U.S. Arctic are scant.
Few data have recently been obtained on total
mercury and methylmercury in the muscle and
liver tissues and eggs of Pacific salmon species
from the Yukon, Kuskokwim, Nugashak, and
Kvichak Rivers. The higher concentration of mer-
cury in chinook salmon could be because of its
longer life span in ocean waters and its higher
trophic level. Analysis of these data continues. It
isnot clear whether mercury in natal streams and
lakesisfurther recycled by freshwater fauna or
whether thereisfurther bioaccumulation through
freshwater and terrestrial food chains.

Comparisons of hepatic total mercury concen-
trations in beluga whales across the North Ameri-
can Arctic indicate that the highest concentrations
may be found in the Beaufort Sea and Chukchi
Sea stocks of the Alaska Bering Sea population
(averaging around 50 mg/kg ww); these levels are
within the range reported for the St. Lawrence
Estuary population. Although levels of total mer-
cury in the Cook Inlet animals have been found to
be much lower (averaging 5 mg/kg ww) than con-
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centrations in the other Alaskan belugas, the
hepatic concentrations of methyl mercury are
similar among all three Alaskan groups (0.3-2
mg/kg ww).

FWS has determined concentrations of organo-
chlorine pesticides, including toxaphene, in bur-
bot collected from three National Wildlife
Refugesininterior Alaska and the Tanana River
near Fairbanks, Alaska. In general, there were
greater contaminant concentrations from sites
below Fairbanks and within the Yukon Flats Ref-
uge than at Tetlin and Kanuti refuges. There were
greater concentrations of DDT and its metabolites
at Fairbanks, probably reflecting the historical use
of that pesticide within the city of Fairbanks and
at nearby military bases. Concentrations of DDT
and metabolites from Fairbanks were up to two
orders of magnitude greater than in burbot from
five studiesin Canada. The range of PCB concen-
trations were similar to those from four of six
Canadian studies and were generally less than
laboratory-derived effects values. Toxaphene con-
centrations were generally low. Because thiswas
an initial assessment and sample sizes were low,
further studies would illuminate whether the con-
centrations found at Fairbanks and Yukon Flats
are of concern to fish and wildlife resources. This
report will befinalized in FY 01.

Personnel from the AlaskaMaritime NWR col-
lected bald eagle carcasses from Adak Idand
between 1994 and 1998. Tissues were collected for
contaminants analysis, and data from the 1994-1996
samples were reported in atechnical report entitled
“Contaminant residuesin bald eagles (Heliaeetus
leucocephalus) from Adak Idand, Alaska’ (WAES-
TR-97-02). Additional funding in FY 99 allowed for
analysis of the remaining samples collected after
1996. Datafrom all birds have been combined, com-
pared, and drafted into a manuscript, which will be
submitted to a peer-reviewed scientific journa in
FY 0L

The number of red-throated loons breeding in
Alaska declined 53% from 1977 to 1993. Aerial
population surveysin Alaska have produced
rigorous trend data for red-throated loons, but
despite this, only fragmentary knowledge exists
about the natural history of this species. In 1998,
FWS identified red-throated loons as a “ species at
risk” in Alaska and identified four specific data
needs: demographic parameters, distribution
among wintering areas and links to breeding
areas, subsistence bycatch in fishing nets, and
exposure to contaminants. Thiswork will continue
during FY 01.

The Agency for Toxic Substances and Disease
Registry (ATSDR) has initiated the Alaska Native
Subsistence and Dietary Contaminants Program to
study contaminantsin the environment, subsis-
tence resources, and people in Alaska Native pop-
ulations. Working with other Federal, tribal, state,
and local governments, ATSDR will focuson
research and public health activities necessary to
empower Alaska subsistence diet usersto make
informed dietary decisions whileincorporating
traditional and western scientific information.

The primary goals and activities for this program
areto:

* |dentify Alaska Native traditional subsistence
diets and characterize human exposure to
dietary contaminants;

» Characterize and analyze human health risks
and nutritional benefits of the Alaska Native
subsistencelifestyle;

» Evaluate human health effectsin the Alaska
Native population that may be associated with
contaminants found to be part of the subsis-
tencelifestyle;

* In partnership with the affected Alaska Native
communities, provide communication and
education to assist in culturally appropriate
decisions on risks and benefits of the diet;
and

* Develop and implement interventions that
are culturally appropriate and based on the
defined needs of the Alaska Native popula-
tion.

Ecosystems at Risk

The U.S. Arctic ecosystems are quite varied in
their complexity and biological productivity. In
the marine environment, they include some the
world’s most productive, for example, the south-
eastern Bering Seaand Chirikov Basin ecosys-
tems, which support important commercial fisher-
ies and an extraordinary feeding habitat for
wildlife. In contrast, oceanic waters of the Cana-
dian Basin have low biological productivity,
although they may contain faunal assemblages
that are unique, consisting of species of both the
Atlantic and Pacific Oceans, or speciesthat have
survived through the ages (certain sponges and
bryozoans). On land the U.S. Arctic is dominated
by wet and al pine tundra, both of which are criti-
cal to thousands of migratory birds, caribou, and
other species. The spruce—poplar forests are
extensive and highly productive, but they occupy
arelatively small portion of the U.S. Arctic lands.

Irrespective of their location, all Arctic ecosys-



tems are highly cyclic (because of large seasonal
changesin light levels, nutrient input, and temper-
ature) and have low species diversity. On an
annual or decadal cycle, they are also affected by
weather and climatic changes, such asthose
caused by the presence, intensity, and movement
of the Aleutian Low Pressure System in the north-
ern North Pacific Ocean. In the marine environ-
ment, the location of the ice edge, aswell as con-
tinental shelf-slope exchange of materials, isalso
critically important to both the onset and suste-
nance of primary productivity and ultimately to
food chains culminating in fish and wildlife spe-
cies, many of which have considerable commer-
cial, subsistence, and aesthetic value.

The structure and dynamics of the U.S. Arctic
ecosystems have been studied for nearly 30 years
with primary funding support from a number of
Federal agencies, such as DOD/ONR, NSF, DOC/
NOAA, DOI/MMS and others. Programs such as
the Outer Continental Shelf Environmental
Assessment Program, 1975-1992, provided a
strong foundation for multidisciplinary scientific
studies of coastal and continental shelf waters
around Alaska. Many concurrent and follow-up
studies, such as PROBES, ISHTAR, and SHEBA
funded by the National Science Foundation and
the Fisheries—-Oceanography Cooperative Investi-
gations (FOCI) funded by NOAA, have greatly
advanced the scientific database and understand-
ing of Arctic ecosystems. New studies and pro-
grams, as well as budget initiatives, will continue
to shed new light on ecosystem dynamics, particu-
larly in relation to climatic changes, shelf-slope
exchange of energy and materials, and factors
controlling the deposition and environmental fate
of contaminants.

Both NOAA and the Minerals Management
Service (MMS), U.S. Department of the Interior
are continuing congressionally mandated studies
of the Arctic environment and resources, notably
those relating to fisheries and wildlife. In the case
of MMS, the primary purpose is assessment of
impacts from oil and gas activities along the North
Slope of Alaska. The USGS will be conducting
studies over the next five years (2001-2005) to
examine theimpacts of climatic change and atmo-
spheric transport of contaminantsin the Yukon
River basin. The studies will be designed to char-
acterize water quality parameters, identify con-
taminant sources, and assess the effects of con-
taminants on regional biota and ecosystems.

There are sixteen National Wildlife Refugesin
Alaska, encompassing approximately 92,000,000

acres. Lands within the National Wildlife Refuge
system in Alaska have had avaried and interesting
history. While large tracts remain in near-pristine
condition, past uses of refuge lands have al'so
included oil exploration and drilling, mining,
establishment of runways and support facilitiesfor
aircraft, and use by the military for various opera-
tionsincluding military installations, staging
areas, supply depots, training grounds, and his-
toric battlefields. After these operations ceased,
sites were often abandoned. At other sites, hazard-
ous materials were spilled with no subsequent
cleanup. The total number of formerly used
defense sites (FUDS) in Alaskais 648. Most of
them have undergone preliminary assessment for
the nature of contamination and clean-up needs. A
number of sites are currently scheduled for reme-
diation by the U.S. Army Corps of Engineers, the
Department of the Navy, or the Department of the
Air Force. The FWS has al so conducted numerous
studies on contamination in refuges within the
Arctic, establishing baseline conditions or investi-
gating impacts on trust species. Theseinvestiga-
tions are needed to determine significant changes
through time; the need will continue as new issues
areidentified.

EPA has been evaluating the Polar Sunrise
Effect on atmospheric mercury in Barrow, Alaska,
since 1999. Research has confirmed that mercury
is depleted in the atmosphere during the month
following Arctic sunrise. Preliminary results sup-
port the hypothesis that mercury istransformed
from elemental mercury in the atmosphere to reac-
tive gaseous mercury. Mercury may then become
bioavailable in the terrestrial and aquatic environ-
ments following Arctic sunrise coincident with
onset of the breeding season of Arctic wildlife.

2.3.2 Public Health

Infectious Diseases

The CDC’s National Center for Infectious Dis-
eases, Arctic Investigations Program (NCID/AIP),
together with Health Canada’s L aboratory Centres
for Disease Control, Bureau of Infectious Dis-
eases, hasinitiated an International Circumpolar
Surveillance (ICS) system linking existing public
health laboratories and facilities in the Arctic to
address emerging infectious disease problems.
Thisinitiative follows U.S. government inter-
agency recommendations established by the Com-
mittee on International Science Engineering and
Technology (CISET) and the CDC's Global
Health Strategy. In 2002—2006 | CS participant
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countries will include the U.S., Canada, Green-
land/Denmark, Iceland, Norway, and Sweden with
planned linkage with public health laboratoriesin
the Barents Sea regions of the Russian Federation.
The current focus of ICS is on population-based
surveillance of invasive bacterial diseases caused
by Streptococcus pneumoniae, Haemophilus
influenzae, Neissera meningitidis, Group A & B
Streptococcusin aboriginal and non-aboriginal
peoplesresiding in Arctic regions. Outcomes will
include descriptions of diseases rates, epidemio-
logic factors, bacterial agent characteristics
including antimicrobial susceptibility profiles, and
collaborative approaches for prevention and con-
trol. Extending the ICS to include other infectious
disease problems of Arctic countriesis planned.
Tuberculosis, particularly multi-drug-resistant
tuberculosis, is once again becoming athreat to
human health in many Arctic communities. Tuber-
culosisis expected to beincluded inthe ICSin
2002—-2006. NCID/AIP will continue research
focusing on the prevention and control of infec-
tious disease problemsin the U.S. Arctic. These
include viral infections caused by respiratory syn-
cytia virus; hepatitis A, B, and C; and diseases
caused by bacterianow commonly resistant to
antibiotics (Streptococcus pneumoniae, Saphylo-
coccus aureus, and Helicobacter pylori). Together
with the Alaska Native Tribal Health Consortium,
NCID/AIP will conduct projects to evaluate the
immunogenicity of anew 7-valent pneumococcal
conjugate vaccine in Alaska Native children and
study the effectiveness of the current 23-valent
pneumococcal vaccinein Alaska Native elders.
Helicobacter pylori infection is commonly associ-
ated with gastric ulcers. Recent studies conducted
by CDC's National Center for Chronic Disease
Prevention and Health Promotion’s Division of
Nutrition and Physical Activity, the Yukon
Kuskokwim Delta Health Corporation, the State
of Alaska Division of Public Health, and NCID/
AIlP have shown an association between Helico-
bacter pylori infection and iron deficiency anemia
in Alaska Natives. Additional studies are needed
to assess the validity of this association, aswell as
the development and eval uation of effective pre-
vention and control strategies.

Occupational Injuries

The CDC's National Institute for Occupational
Safety and Health, Division of Safety Research
Alaska Field Station (NIOSH/DSR/AFS), in col-
laboration with the Indian Health Service, the
State of Alaska, the Alaska Native Tribal Health

Consortium, and the Alaska Native Health Board,
will continue studies on the epidemiol ogy, risk
factors, and prevention strategies for occupational
injuriesin Alaskan communities. The NIOSH/
DSR/AFSwill continue to coordinate the devel op-
ment of an integrated surveillance system for dis-
ease and injury in the Arctic, linking the existing
NCID/AlP-initiated International Circumpolar
Surveillance (ICS) system for infectious diseases
with nascent systemsfor injuries and birth defects,
eventually monitoring chronic diseases and malig-
nancies, behavioral risk factors, and a broader
spectrum of injury events. It will provide amore
seaml ess picture of the current health status and
trends by partnering with the Alaska Division of
Public Health, the Alaska Native Medical Center,
and the Alaska Native Health Board's Epidemiol -
ogy Center.

The NIOSH/DSR AlaskaField Stationis
mounting two other initiativesin Arctic research.
Surveillance for work-related injuries has identi-
fied the commercial fishing industry as contribut-
ing high numbers of fatal and severe non-fatal
injuries. A new project will address the problems
of vessel stability in the fishing fleet, the hazards
posed by machinery and fishing equipment, and
the physical design and layout of fishing vessels
and will develop feasible interventionsto prevent
injuries among fishermen. Vessel stability and the
deck environment surrounding the deployment
and retrieval systems of fishing equipment
(including the use of cranes, winches, lines, nets,
crab pots, and crab pot launchers) will be exam-
ined from a mechanical and saf ety engineering
perspective. Through effective industry focus
groups and application and promotion of new
technological innovations and interventions, the
number of fatal and non-fatal injuriesin this
industry should decrease.

Alaska experienced an overall downward trend
in occupational fatalities since 1990 (from 78 in
1990 to 42 in 1999, a decrease of 46%), but occu-
pational aviation fatalities continue to be a prob-
lem. In response the U.S. Congress supported a
Federal initiative to reduce aviation-related inju-
ries and fatalities and to promote aviation saf ety
in cooperation with the air transportation industry
in Alaska. Theinitiative is athree-year partner-
ship of four Federal agencies. the Federal Avia-
tion Administration (FAA), the National Transpor-
tation Safety Board (NTSB), the National
Weather Service (NWS), and the National Insti-
tute for Occupational Safety and Health (NIOSH).
The goal isto reduce the number of aircraft



crashes and injuriesin Alaska by at least 50% by
the end of 2009.

Chronic Diseases

The CDC's Nationa Center for Environmental
Health, Division of Environmental Hazards and
Health Effects (NCEH/EHH), will continue stud-
ies on the relationship between exposure to envi-
ronmental organochlorines and development of
breast cancer in Alaska Native women. Thiswill
be assessed by collecting biological samplesfrom
women undergoing breast biopsy or surgery at the
AlaskaNative Medical Center and analyzing these
samples for endocrine-disrupting chemicals (for
example, DDE, PCB, and PBB). Interviews are
being conducted to identify potentially confound-
ing risk factors for breast cancer (such as parity
and family history) and to collect dietary infor-
mation.

The Alaska Native Tumor Registry (ANTR)
wasinitiated in 1974 in collaboration with the
National Cancer Institute (NCI), NIH, and the
Centers for Disease Control and Prevention
(CDC). From the outset of registry efforts, the
procedures and policies followed were those of
the NCI Surveillance, Epidemiology and End
Results (SEER) Program. The registry takes an
active rolein management and follow-up care of
cancer patients. All patients are tracked and noti-
fied of recommended follow-up appointments.
Accurate information on the unique cancer pat-
terns occurring in this population is useful for pro-
vider education and training, program planning,
studies of cancer etiology, evaluation of screening
programs, interventions to improve patient care,
and programs for cancer prevention and risk
reduction.

ANTR completed the “ Alaska Native Cancer
Survival Report,” and several scientific articles
have been published based on ANTR data. The
registry will provide an update of cancer inci-
dence for Alaska Natives statewide and by service
unit. Discussions are underway with the Army
Corp of Engineers and the Air Force to study con-
taminants at military sites and cancer patterns.
Research studiesin progressinclude:

 Serum PCB levelsin breast cancer patients
and controls;

» Prospective study of breast cancer and orga-
nochlorinesin serum and fat tissue in the
breast;

* Helicobacter pylori and cancer and other
diseases of the stomach;

* Prevalence of colorectal cancer genesin

(formalin fixed) tissue among colorectal can-
cer patients;

» Familial aggregation of nasopharyngeal can-

cer; and

* Biomarkers expressed in tumor tissue of

Alaska Native breast cancer patients.

The Genetics of Coronary Artery Diseasein
AlaskaNatives (GOCADAN) Study isafive-year
project that is focusing on afamily study of 1200
individuals comprising 40 families of adults and
children over the age of 18, primarily from two
villages near Nome, Alaska. This project is a part-
nership with Norton Sound Health Corporation, a
subcontractor to the Indian Health Service, to
study the etiology of heart disease in Alaska
Natives using the protocol and many investigators
from the Strong Heart Study, an NHL BI-funded
12-year study of cardiovascular diseasein Ameri-
can Indians. The study will also include a cardiol-
ogy center at Cornell Medical School, a genetics
center at Southwest Foundation for Biomedical
Research, a coagulation laboratory at the Univer-
sity of Vermont, a central laboratory at Medlantic
Research Institute, and investigators located at the
University of Alaska. Examinations beganin
October 2000. A ten-centiMorgan genetic scan
will be used to identify significant linkages
between markers and risk factors and disease.

Three projects are being reviewed or have been
approved for funding during the coming year. The
Age, Gene/Environment Susceptibility (AGES)
study is funded from 2001 to 2008 by the National
Institute on Aging. NIA is seeking additional
funding to expand this study to an existing cohort
of approximately 12,000 members to identify
genetic and other new risk factors for selected dis-
eases and conditions including atherosclerosis and
stroke and to characterize phenotypes for these
diseases and conditions, in relation to genetic sus-
ceptibility, gene function, and genetic/environ-
mental contributionsto disease. Improvement in
the measurement of quantitative traits as pheno-
typeswill result from the use of prior longitudinal
data and more recent non-invasive imaging tech-
niques. These include cal cium scoring of the coro-
nary arteries by computerized tomography (CT)
and hippocampal volume by magnetic resonance
imaging (MRI).

The second proposed project is an intervention
study entitled Stroke Prevention in Alaska. The
intervention will focus on dietary counseling of
Alaska Natives to modify and reduce fat intake,
improve weight control, and increase physical
activity. The study will include 600 adults over
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the age of 24 from four Alaskavillages, including
two Siberian Yup’ik villages, one central Yup'ik
village, and one Inupiag village. Protocols for
data collection will follow those for the Strong
Heart Study. Data collection will include dietary
assessments, cardiovascular disease risk factors,
and ultrasound carotid artery measures, as well

as extensive |aboratory measures and lifestyle
surveys.

The third proposed project is focused on Alas-
kavillages below the Arctic Circle. It will expand,
facilitate, and stimulate biomedical research,
including multiple components focused on disease
surveillance; survey systemsfor genetic, environ-
mental, and behavioral risk factors; high-through-
put genotyping; and cultural/behavioral research.

National Eye Institute (NEI) staff are engaged
in discussions with investigatorsin the Depart-
ment of Ophthalmology of the Alaska Native
Medical Center regarding a proposed epidemio-
logical study of refractive error in Alaskan chil-
dren, adopting a protocol used successfully in
China, Nepal, and Chile under WHO/NEI spon-
sorship. The Bethel area of Alaskais under con-
sideration. With the increasing significance of
refractive error as a public health problem in
children, a study in a Native American population
would be of high potential interest.

Alcoholism isalong-term, progressive disease
that can lead to compromised workplace perfor-
mance; disrupted families; long-term health com-
plicationsincluding cirrhosis, heart disease, and
cognitive impairment; and injuries and death from
accidents or violence. Research into the causes,
prevention, and treatment of alcoholism, including
approaches that can serve the far northern envi-
ronment in particular, is central to reducing the
consequences of excessive alcohol use. Research
supported by the National Institute on Alcohol
Abuse and Alcoholism (NIAAA) in Alaskais
aimed at the nature of alcoholism in this popula-
tion, approaches to treatment, and the impact of
public policy on drinking. The research addresses
features particular to the Alaskan environment,
including the sparse population in aremote land-
scape with asignificant Native American popu-
lation.

One study isthefirst comprehensive clinical
description of Native Alaskansin treatment for
alcohol dependence using a standardized assess-
ment protocol, identical to that used in NIAAA's
multi-center Collaborative Study of the Genetics
of Alcoholism (COGA), making comparison
across different ethnic groups possible. In particu-

lar, identification of possible ethnic and cultural
differencesislikely to haveimplicationsfor im-
proved treatment outcomes for Native Alaskans.

NIAAA-supported investigators al so recently
looked at local policy changesin Barrow, Alaska,
and their effects on alcohol consumption. During
a 33-month period, referenda passed by the citi-
zens at first imposed, then withdrew, and finally
re-imposed atotal ban on alcohol sales. Research
findingsindicated significant decreasesin emer-
gency room visits (including those for assaults)
when alcohol was banned, increasesto levels of
the pre-ban period when the ban was lifted, and
significant declines again when the ban was re-
imposed by Barrow voters. The contrasts between
periods when the policy wasin force and periods
when it was suspended makes thisarevealing
study of the effects of public policy on drinking.

Looking ahead, NIAAA and the National Insti-
tute of Child Health and Human Development are
preparing to collaborate in studying the role of
prenatal alcohol exposure in sudden infant death
syndrome (SIDS). Recent findings suggest a
strong rel ationship between alcohol use during
pregnancy and SIDS, adding to the established
risks of fetal alcohol syndrome and alcohol-
related neurodevel opmental disorder. The high
incidence of both alcohol problemsand SIDSin
Alaskalendsitself to such research.

Another study is designed to understand how
AlaskaNatives maintain or achieve sobriety, such as
factorsthat protect individuals from alcohol depen-
dence and facilitate recovery. Spiritudity isthought
to be acritical element in the recovery process,
and investigators will exploreitsrole in promot-
ing resiliency to abusive drinking behaviors.

The National Institute on Aging (NIA) contin-
ues to fund the Native Elder Research Center,
located within the Division of American Indian
and Alaska Native Programs of the Department of
Psychiatry, School of Medicine, and University of
Colorado Health Sciences Center in Denver. The
Center coordinates a research career development
program targeted at American Indian (Al) and
AlaskaNative (AN) investigators, focusing on
aging, health, and culture. The Center augments
ongoing partnershipswith AI/AN communitiesto
ensure involvement of elders, their families, and
local systems of care in aging research. Theaim
istoincrease the pool of talented investigators
committed to research.

The Alaska Native maternal and newborn
blood monitoring program will measure persistent
organic pollutants, heavy metal's, and micronutri-



ents in the blood of women entering prenatal care
and in the umbilical cord blood of their newborn
infants.

The program was devel oped at the request of
Alaska Native communities to provide dataon
human tissue levels of contaminantsthat are trans-
ported to the Arctic from lower latitudes, entering
the food chain of subsistence species, and being
ingested by rural Alaska Natives pursuing their
traditional diet.

The datawill be utilized for several purposes:

* It will be used to provide trend data on

human tissue levels over time.

« It will allow, over time, for examination of
health outcome data, to see whether correla-
tionswith contaminant levels exist.

» Combined with a subsistence dietary history
in each woman and micronutrient levels, the
datawill be examined for correlation of sub-
sistence food intake with micronutrient levels
and examined for positive health outcomesin
women and infants.

» Communities will be able to perform their
own risk-benefit assessment and formulate
community-specific strategies to reduce expo-
sure and maintain the traditional diet.

» The datawill be shared with state and Federal
agencieswith responsibilities for contaminant
risk assessment, and reduction of pollutant
release.

» The datawill be shared with the other Arctic
countries as part of the AMAP protocol.

At present the monitoring program covers
approximately 75 villages along the Arctic Ocean
and Bering Sea, as well as the Yukon and Kusko-
kwim Rivers. The monitoring program is funded
by the EPA, the Alaska Native Tribal Health
Consortium, the CDC National Center for Envi-
ronmental Health, and the State of Alaska.

Behavioral Aspects

Supported by a grant from the National Sci-
ence Foundation, aresearcher at the Food and
Drug Administration isinvestigating cognitive
performance related to extended residence in Ant-
arctica and seasonal mood alterations. The project
has two specific objectives. Thefirst isto deter-
mine whether long-term exposure to low tempera-
tures and/or dim light, both characteristic of polar
wintersin high-latitude environments, are associ-
ated with significant changesin cognitive perfor-
mance and emotional well-being. The second
objective isto determine whether decrements to
mood and cognitive performance can be effec-

tively prevented or minimized through the admin-
istration of pharmacol ogical interventions and/or
phototherapy.

The National Institute of Mental Health, NIH,
is expanding its portfolio of research on the pre-
vention of suicide in response to the recent Sur-
geon General’s report on suicide. Included in
these efforts are attempts to reach out to tradition-
ally underserved populations such as Alaska
Natives.

The National Institute on Drug Abuse, NIH,
supports evaluation of the benefits of needle
exchange programs (NEPs) and/or pharmacy dis-
tribution of syringes by intervening with injection
drug users to reduce hepatitis B virus (HBV),
hepatitis C virus (HCV), and human immuno-
deficiency virus (HIV); this research has been
underway at the University of Alaska Anchorage
(UAA) since 1996. Data being monitored include
results of urine testing for amphetamines, cocaine
metabolites, and morphine, aswell as serological
testing for HBV, HCV, and HIV. An objectiveisto
refer drug injectors recruited into the study for a
free HBV vaccination series, with successin
enrolling over half of the active drug users partici-
pating. The subject population includes Alaska
Natives, whites, African Americans, and Hispan-
ics. NIDA anticipates that such effortswill con-
tinue in the future, with the possibility of coopera-
tion with other countries (Canada and Russia)
holding Arctic territory adjacent to Alaska.

A First Independent Research Support and
Transition (FIRST) Award (1997-2001) at the
University of Alaska Anchorage (UAA) isidenti-
fying subgroups of women and their risk behav-
iors and potential for diseases relative to use of
drugs and condoms. The study usesindividual
level predictors, contextual variablesrelated to
sexual decision making, psychosocial con-
structs, and selected demographic variables to
devel op subtypes of women and to better under-
stand their pattern of drug-using and sexual
behaviors (particularly among Alaska Native
women) that put them at risk for sexually trans-
mitted and other blood-borne infectious diseases.
Plans include expansion into full-fledged
research aimed at expanding knowledge of drug
use, sexual risk, and infectious disease risk of
Alaska Native women.

In May 2000, NIDA staff co-organized the
Eighth International Conference on AIDS, Cancer,
and Related Problemsin St. Petersburg, Russia,
and co-chaired sessions devoted to drug abuse and
AIDS epidemiology and prevention/intervention,
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with participants from Siberia, the Russian Far
East, and the Arctic. A large symposiumis
planned for May 2001 in St. Petersburg.

Delivery of Health Care

The National Institute of Mental Health, NIH,
currently supports a number of telemedicine
grantsthat are testing the delivery of mental
health interventions through this technology. The
NIDA-supported extramural research initiatives
at the UAA have benefited from UAA’s Telemedi-
cine Project that helps to bridge the geographic
expanse of Alaskain aseriesof “research at a
distance” projects using desktop video telecon-
ferencing technology. In collaboration with the
NIDA-supported research, the Telemedicine
Project is continuing to explore the uses of
narrow-band tel ecommunications and information
technology to improve the delivery of health care
to al citizens of Alaska. It is anticipated that these
effortswill be expanded to include countries with
Arctic territory adjoining that of the U.S. (Canada
and Russia).

Capacity Building/Health Disparities

The National Institute of Neurological Diseases
and Stroke is funding a Specialized Neuroscience
Research Program at the University of Alaska
Fairbanks (UAF) that establishes an Alaskan
Basic Neuroscience Program (ABNP) to expand,
facilitate, and stimulate neuroscience research, to
facilitate the collaborative research, and to stimu-
late the active participation of Alaska Native stu-
dents. The ABNP will carry out interdisciplinary
research to study mechanisms of neuroprotective
adaptations via four specific aims: 1) develop
an administrative core directly under the Pro-
vost that will provide the most effective envi-
ronment, 2) develop aresearch program around
the theme of neuroprotective adaptations and
increase collaborations with other neuroscien-
tists, 3) develop an emphasis on neuroscience
graduate education, and 4) upgrade an existing
tissue culture/imaging facility to state-of-the-art
standards. The proposed research focuses on
neuroprotective adaptations associated with hi-
bernation and signal transduction in the control
of cell death, neuronal regeneration, circadian
rhythms, and thermoregulation.

The Nationa Library of Medicine (NLM), NIH,
hasin the last two years created several Web-
based information services that serve the public
directly. MEDLINEplusand Clinical Trials.gov
are two notabl e resources that together are receiv-

ing more than 50 million page hits per year. NLM
is prominently featuring outreach to minority and
underserved communities so they may make maxi-
mum use of these services. For the Native Ameri-
can communitiesin Alaska and the Pacific North-
west, these activities are centered at the Regional
Medical Library in Seattle at the University of
Washington. “Tribal Connectionsin the Pacific
Northwest” (www.tribal connections.org) connects
American Indian/Alaska Native communitiesto
health resources on the Internet, including
MEDLINEplus. Thishighly successful programis
connecting hospitals, clinics, libraries, and remote
villages viathe Internet and thus reducing the iso-
lation from quality health information and health
care of thisvulnerable population. Related to the
Tribal Connections program is a series of tele-
medicine projectsin rural Alaskathat collectively
is serving as atestbed strategy for cost contain-
ment and for raising the quality of health care for
aminority population that is scattered across a
vast area.

The National Cancer Institute (NCI), NIH,
through its Surveillance Research Program, Divi-
sion of Cancer Control and Population Sciences,
supports the Network for Cancer Control
Research among American Indian and Alaska
Native Populations. Established in 1990, this net-
work of researchers working among American
Indians and Alaska Natives devel oped a National
Strategic Plan for Cancer Prevention and Control
Research in FY 92. The NCI shares support for
Network meetings with the Mayo Comprehensive
Cancer Center, Rochester, MN. With additional
NCI support, the Network has convened three
national conferences to discuss research and train-
ing and to disseminate results.

In 1997, NCI assisted the Network and Mayoin
establishing the Native CIRCLE, a clearinghouse
for information and resources devel oped through
research (http://www.mayo.edu/nativecircle).
Many useful, culturally sensitive materials,
including school curricula, videos, pamphlets, and
survey instruments, are catalogued and made
available to researchers and communities for
application in areas of smoking prevention, cancer
screening, and dietary change.

Ongoing efforts for the Network include col-
laborative efforts with the Indian Health Service
and the Centers for Disease Control and Preven-
tion, expansion of cancer surveillance among
American Indian popul ations, and pursuit of new
studies in patterns of care and cancer survivor-
ship. Members successfully competed to become



one of NCI's new Special Population Networks.
Thislarge, five-year project will address compre-
hensive tribal cancer control using partnerships
between populations, tribes, multiple cancer cen-
ters, the NCI, and the American Cancer Society
and will also develop, assess, and implement can-
cer education among community members.

The NCI supports the Native American Student
Research Program, a cancer control research
training program for American Indian and Alaska
Native graduate and post-doctoral students. Span-
ning six years, the program has provided training
to 53 trainees of diverse Native groups, including
Alaska Natives. A substantial proportion of the
trainees have been awarded NCI funds (17 of 43
eligible, or 40%) to carry out community-based
cancer control activities among Native groups.
The training program has been awarded another
five-year grant. The projects require implementa-
tion of aresearch plan within an established time-
table and areport utilizing analytical skills.

The Office of Intramural Research, Office of
the Director, NIH, is pursuing an initiative called
the Arctic Health Disparities Research Dissemina-
tion Network (AHDRDN), envisioned as a central
point of recognizance for U.S. human health
efforts, including research, surveillance, education
and training, communications, and outreach activ-
ities, particularly aimed at the Native populations.
A starting point for the Network isthe new Arctic
Health Information web site, currently under
development by the Specialized Information
Services Division of the National Library of
Medicine, NIH. The AHDRDN could be pro-
posed to the Arctic Council as a new project
under its Sustainable Development Working
Group (SDWG).

The U.S. Department of State will continue to
promote international cooperation on health issues
in the Arctic Council. The Arctic Council isan
intergovernmental forum for the eight Arctic
nations and six indigenous organi zations repre-
senting Arctic communities concerned with envi-
ronmental protection and sustainable develop-
ment. The U.S. raised the profile of Arctic health

issues during its 1998—2000 Chairmanship of the
Arctic Council. The U.S. initiated projects on
telemedicine and infectious disease, featured pre-
sentations by U.S. experts at Council meetings,
and hosted the May 2000 International Confer-
ence on Arctic Development, Pollution and Bio-
markers of Human Health. The U.S. aso contrib-
uted to the Council’s Human Health Effects
Program in the Arctic Monitoring and A ssessment
Program (AMAP) and helped fund a new assess-
ment of contaminantsin the food supply of Rus-
sian indigenous communitiesin the Arctic.

At the Second Ministerial Meeting of the Arc-
tic Council in Barrow, Alaska, in October 2000,
Ministers welcomed and approved the report on
Telemedicinein the Arctic prepared by the Insti-
tute for Circumpolar Health Studies and the pro-
posal by the CDC'’s Arctic Investigations Program
to develop an International Circumpolar Surveil-
lance System (ICS) for infectious diseases.

The Arctic Investigations Program worked
closely with Canada and Denmark/Greenland in
setting up the ICS for Streptococcus pneumoniae.
Asafollow-on initiative, the Office for the
Advancement of Telehealth at the U.S. Health
Resources and Services Administration (HRSA)
will work with Sweden and Norway to organize an
international workshop to develop elements of a
common methodol ogy for evaluating the varied
telehealth programsin the Arctic.

The Department of State will facilitate U.S.
participation as appropriate in all the health activ-
ities of the Arctic Council. Canada's program on
Children and Youth, for example, will focus on
data collection and analysis of health indicators
by developing pilot projectsin the four broad
areas of health (socio-economic-cultural, health
services, psychosocial well-being, and biophysical
health). The U.S. has supported the Russian Indig-
enous Peoples of the North (RAIPON) proposal
to monitor and assess the levels of contaminants
in the indigenous food eaten by residents of the
Russian Arctic. RAIPON has funding from the
Global Environment Facility (GEF) for this
research project.
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